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August 25, 2017

Commonwealth of Virginia Department of Environmental Quality
Office of Remediation Programs

629 East Main Street

Richmond, Virginia 23219

Attention: Mr. Vincent Maiden, Brownfields Program Coordinator

Subject: Final Site Characterization Report, Former Robinson Terminal North Property,
500 and 501 North Union Street, Alexandria, Virginia

Reference: VRP Site No. 00673
VDEQ PC No. 2016-3090
ICOR Project No. 13-C1.001

Dear Mr. Maiden:

Attached for your review is the Final Site Characterization Report (SCR) prepared by ICOR,
Ltd. (ICOR) for the Former Robinson Terminal North property (herein referred to as the SITE)
located at 500 and 501 North Union Street in Alexandria, Virginia. The SCR summarizes the
recent and historical site characterization study (SCS) activities conducted by ICOR and others at
the SITE to assess soil and groundwater quality and address Commonwealth of Virginia
Department of Environmental Quality (VDEQ) mandates and requirements. To date, the VDEQ
has assigned two Pollution Compliant Numbers (PC#s) to the SITE (PC#s 2006-3131 and 2016-
3090). The PC#s are associated with suspect releases of petroleum from storage tanks. PC#
2006-3131 was closed by the VDEQ and PC# 2016-3090 remains open. The VDEQ mandated
that a SCS be conducted to address the open PC#. The SITE was also entered into the VDEQ’s
Voluntary Remediation Program (VRP) in 2016 and was assigned VRP Number 00673. The
SITE was entered into the VRP to address non-petroleum impacts, which are not typically
addressed through the VDEQ’s Petroleum Storage Tank Program (PSTP). The SCR was
prepared to satisfy VRP and PSTP SCR requirements.

This Final version of the SCR addresses comments received by the VDEQ and City of
Alexandria following their review of the Draft SCR prepared by ICOR, dated 10 April 2017.

If you have any questions concerning the Final SCR, please feel free to contact me at (703) 608-
5969. Your expedited review of the Final SCR would be greatly appreciated.

Sincerely,

Michael A~Bruzzesi, CPG
Project Manager
VA CPG No. 2801 001428

PO Box 406 = Middleburg, VA 20118 = Office (703) 257-1225 = Fax (703) 257-1226
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Dear Mr. Wardle:

Attached for your review is the Final Site Characterization Report (SCR) prepared by ICOR,
Ltd. (ICOR) for the Former Robinson Terminal North property (herein referred to as the SITE)
located at 500 and 501 North Union Street in Alexandria, Virginia. The SCR summarizes the
recent and historical site characterization study (SCS) activities conducted by ICOR and others at
the SITE to assess soil and groundwater quality and address Commonwealth of Virginia
Department of Environmental Quality (VDEQ) mandates and requirements. To date, the VDEQ
has assigned two Pollution Compliant Numbers (PC#s) to the SITE (PC#s 2006-3131 and 2016-
3090). The PC#s are associated with suspect releases of petroleum from storage tanks. PC#
2006-3131 was closed by the VDEQ and PC# 2016-3090 remains open. The VDEQ mandated
that a SCS be conducted to address the open PC#. The SITE was also entered into the VDEQ’s
Voluntary Remediation Program (VRP) in 2016 and was assigned VRP Number 00673. The
SITE was entered into the VRP to address non-petroleum impacts, which are not typically
addressed through the VDEQ’s Petroleum Storage Tank Program (PSTP). The SCR was
prepared to satisfy VRP and PSTP SCR requirements.

This Final version of the SCR addresses comments received by the VDEQ and City of
Alexandria following their review of the Draft SCR prepared by ICOR, dated 10 April 2017.

If you have any questions concerning the Final SCR, please feel free to contact me at (703) 608-
5969. Your expedited review of the Final SCR would be greatly appreciated.

Sincerely,

Michael A~Bruzzesi, CPG
Project Manager
VA CPG No. 2801 001428
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1.0 INTRODUCTION

This report summarizes the Site Characterization Study (SCS) activities conducted by ICOR,
Ltd. (ICOR) and others at the Former Robinson Terminal North property (herein referred to as
the SITE) located at 500 and 501 North Union Street in Alexandria, Virginia. The most-recent
activities were conducted on behalf of Alexandria North Terminal, LLC (ANT), a potential
developer of the SITE, and were conducted to assess soil and groundwater quality and address
Commonwealth of Virginia Department of Environmental Quality (VDEQ) mandates and
requirements. Historical activities at the SITE and surrounding properties have resulted in
impact to soil and groundwater underlying the SITE. To date, the VDEQ has assigned two
Pollution Compliant numbers (PC#s) to the SITE (PC#s 2006-3131 and 2016-3090). The PC#s
are associated with suspect releases of petroleum from storage tanks. PC# 2006-3131 has been
closed by the VDEQ and PC# 2016-3090 remains open. The VDEQ mandated that a SCS be
conducted to address the open PC#. The SITE was also entered into the VDEQ’s Voluntary
Remediation Program (VRP) in 2016 and was assigned VRP number 00673. The SITE was
entered into the VRP to address non-petroleum impacts, which are not typically addressed
through the VDEQ’s Petroleum Storage Tank Program (PSTP). The Site Characterization
Report (SCR) was prepared to satisfy PSTP and VRP SCR requirements.

This Final version of the SCR addresses comments received by the VDEQ and City of
Alexandria (City) following their review of the Draft SCR prepared by ICOR, dated 10 April
2017.

The SITE is located in a mixed commercial and residential land use area and is currently
improved with two vacant warehouses, small shed, railroad spur, paved parking lots, dock (pier),
and landscaping. The proposed development of the SITE has not been finalized, but is
anticipated to include construction of mixed residential, retail, and commercial use multi-story
structures and will entail removal of most of the existing structures and features and mass
grading and excavation. Based on the findings of past and recent environmental assessments,
soil and groundwater beneath the SITE have been impacted by the past use of the SITE, which
included bulk oil storage, fertilizer storage, coal storage, chemical mixing and manufacturing,
and warehouse operations. Contributions from adjacent and nearby properties that were used in
the past for fertilizer storage, city gas works, chemical manufacturing and mixing, and bulk oil
storage are also suspected. Constituents of concern identified at elevated concentrations in soil,
groundwater, and soil gas at the SITE include gasoline and diesel range total petroleum
hydrocarbons (TPH-GRO and TPH-DRO, respectively), volatile organic compounds (VOCs),
semi-VOCs (SVOCs), and metals.

The SCS activities conducted to date by ICOR and others include advancement of direct-sensing
tooling to obtain real-time soil and groundwater data; advancement of test borings; installation of
temporary and permanent groundwater monitoring wells; installation of soil gas sampling points;
and collection of soil, groundwater, and soil gas samples for field screening and laboratory
analysis. The SCS activities were conducted as detailed in ICOR’s VDEQ-approved SCS Work
Plan (WP). The SCS activities were conducted to evaluate the type, degree, and extent of soil
and groundwater impacts and to evaluate general risks posed by the impacts to current and future
site users. The findings of the SCS will be used to develop a remedial approach that allows for
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successful development of the SITE and minimization of risks to human health and the
environment. The history of the SITE and assessment activities and findings are summarized in
the following sections.

2.0  SITE DESCRIPTION

The SITE is located at 500 and 501 North Union Street in Alexandria, Virginia, at the
intersection of Oronoco Street and North Union Street. The SITE is comprised of two parcels,
the 500 and 501 North Union Street parcels (herein referred to as the 500 and 501 Parcels,
respectively), separated by North Union Street. The two parcels comprise approximately 3.2
acres of land. In past reports, the parcel addresses have also been listed as 1 and 101 Oronoco
Street (corresponding to the 500 and 501 Parcels, respectively). A site location map is included
as Figure 1. The SITE is situated in a mixed commercial and residential land use area. Adjacent
property use is depicted on the aerial photograph included as Figure 2.

The SITE is currently improved with two I-story, slab-on-grade brick, concrete, and steel
warehouses (totaling approximately 91,800 square feet), a large concrete dock (pier), railroad
spur, a small wood-frame shed (near the dock), gravel and asphalt and concrete-paved parking
areas, and landscaping. The warehouses were constructed in 1966. The warehouse situated on
the 500 Parcel is referred to as Warehouse #16. The warehouse situated on the 501 Parcel is
referred to as Warehouse #10, #11, and #12. Three diesel underground storage tanks (USTs)
were formerly buried on the northeastern portion of the 501 Parcel. The USTs were formerly
used to store and dispense diesel fuel via two dispensers located on the east-central portion of the
501 Parcel (next to the small wood shed). The tanks were removed in 2016. A site plan
depicting existing conditions is included as Figure 3.

Topography at SITE is relatively flat. The SITE is bound to the north by Pendleton Street and
railroad tracks across which is Oronoco Bay Park, to the east and northeast by the Potomac
River, to the south by Oronoco Street across which is Founders Park and a residential building,
and to the west by Dalton Wharf Office Center and North Union Street.

3.0 PROPOSED DEVELOPMENT

The proposed development of the 500 and 501 Parcels has not been finalized, but is anticipated
to include construction of mixed residential, retail, and commercial use multi-story structures.
The new structures are anticipated to include one level of subsurface parking underlying the
majority of each structure’s footprint and will be constructed on poured-concrete foundations.
Newly constructed buildings will overlie the majority of the parcels, with walkways, patios, and
landscaping covering the remaining open spaces. Current plans for the parcels include raising
the grade several feet across much of the parcels to allow for final elevations above the flood
zone. Construction of the subsurface parking levels is anticipated to require excavation and
removal of more than 8 feet of soil within the footprint of the subsurface levels.

ICOR 2 August 2017



Site Characterization Report-Former Robinson Terminal North Property, 500 and 501 N. Union St., Alexandria, VA

Prior to development of the SITE, most of the existing structures and associated site
improvements are expected to be razed and removed. Soil used to backfill and raise the grade of
the parcels will be imported fill and/or soil generated during excavation at the SITE (assuming it
is deemed acceptable by VDEQ standards for beneficial reuse). Most of the soil generated
during excavation for the footers and subsurface parking levels is not expected to meet VDEQ
reuse criteria and will likely require special handling and disposal or treatment; however, soil
excavated from “clean” areas and/or found to meet VDEQ reuse requirements will be reused on
or off site as backfill.

Based on groundwater measurement data obtained from the SITE, the subsurface parking levels
and building footings will be constructed at depths situated near or several feet below the
soil/groundwater interface (water table); thus, groundwater management during construction will
likely be required. Groundwater management post-construction is not anticipated if the
buildings are constructed on a water-tight foundation (“bath tub” type); however, if the buildings
are designed to include a foundation dewatering system, long-term management of groundwater
would be required. Groundwater management anticipated during construction includes
dewatering and/or use of engineering controls (e.g., slurry wall, sheeting and shoring, mudmat,
etc.). Groundwater generated during dewatering will likely require monitoring and potentially
treatment before discharge to meet federal and state regulatory requirements.

4.0 BACKGROUND

The background information presented in this section and throughout this SCR was obtained
from historical environmental and geotechnical reports. A list of the major reports is provided
below.

= Evaluation of Groundwater Contamination at the R.H. Bogle Company Property,
Alexandria, Virginia, prepared by Dames & Moore, dated July 29, 1976.

* A Final Report of R.H. Bogle Chemical Company, prepared by NUS Corporation
Superfund Division, dated July 14, 1983.

= Tier 3 Dioxin Screening Investigation Report (Potomac Estuary Fish and Sediment
Results), R.H. Bogle Co., Alexandria, Virginia, prepared by United States Environmental
Protection Agency (EPA), Region III, dated April 19, 1985.

= Site Characterization Report, Robinson Terminal, 1 Oronoco Street, Alexandria,
Virginia, prepared by Total Environmental Concepts, Inc. (TEC), dated January 25, 2007.

* Soil and Groundwater Testing, Robinson Terminal Warehouses, 500 and 501 N. Union

Street, Alexandria, Virginia, prepared by ECS Mid-Atlantic, LLC (ECS), dated February
8, 2008.
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* Preliminary Subsurface Exploration and Geotechnical Engineering Analysis,
Robinson Terminal at Alexandria Waterfront, City of Alexandria, Virginia, prepared by
ECS, dated February 14, 2008.

* Phase I Environmental Site Assessment, Robinson Terminal North, Alexandria,
Virginia, prepared by WSP Environment & Energy, dated March 20, 2013.

* Subsurface Exploration and Geotechnical Engineering Analysis, Robinson Terminal
North, Alexandria, Virginia, prepared by ECS, dated November 14, 2014.

= Limited Phase II Environmental Site Assessment, Robinson Terminal North, 1 and
101 Oronoco Street, Alexandria, Virginia, prepared by ICOR, dated December 15, 2014.

* Draft Site Review and Path Forward Report, Alexandria Town Gas-Oronoco Outfall
Site, Alexandria, Virginia, prepared by Cardno, dated March 5, 2015 (2015 Cardno
Report).

= UST Closure Report, Former Robinson Terminal North, 501 N. Union Street,
Alexandria, Virginia, prepared by ICOR, dated April 18, 2016.

A discussion of the assessments and assessment findings related to historical SITE and
surrounding area use and soil and groundwater quality are discussed below. A detailed
discussion of the assessment activities conducted to date and soil, groundwater, and soil gas
quality at the SITE is provided in Sections 5.0 and 7.0, respectively.

4.1 Historical Site Use

Past site uses of concern at the 500 Parcel include bulk oil storage (1891-1941), fertilizer storage
(1907-1912), chemical mixing plant operations (1941-1966), and warehouse operations (1966-
2016). Historic maps depicting past SITE and surrounding area property use are included as
Attachment 1. The VDEQ issued PC# 2016-3090 to this Parcel in relation to the past bulk
storage of oil at the Parcel (discussed in further detail in Section 4.3). Past site uses of concern at
the 501 Parcel include coal storage (1885-1891), fertilizer and acid plant (1902-1941), sulfuric
acid plant (1941-1968), and warehouse operations (1968-2016). The VDEQ issued PC# 2006-
3131 to this Parcel in relation to a suspected release of petroleum from USTs located on the
Parcel (discussed in further detail in Section 4.3). The aforementioned past site operations
included the storage and manufacturing of raw petroleum products and chemicals and generation
of petroleum and chemical wastes.

4.2 Adjacent Property Use

Historic adjacent property uses of concern include fertilizer storage on the property to the south
(1896-1912), city gas works and chemical manufacturing on the property to the southwest (1851-
1959), and bulk oil storage (1891-1941) and chemical mixing plant operations (1941-1966) on
the property to the west. Historic maps depicting past SITE and surrounding area property use
are included as Attachment 1.
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4.3 Bulk Petroleum Storage and Petroleum USTs

In November 2005, a release of diesel fuel was suspected from one of the three former 8,000-
gallon diesel USTs located near the northeast corner of the 501 Parcel. The tanks were in use at
the time of the suspected release. A release was suspected because a small volume of diesel fuel
(12 ounces) was recovered from a tankfield monitoring well. Following the suspected release,
all three of the tanks were precision (integrity) tested and all three were found to be sound. The
VDEQ assigned the suspect release PC# 2006-3131 and requested that a SCS be performed.

In April 2006, TEC advanced 13 test borings (designated TEC-B1 through TEC-B13) adjacent to
the USTs and fuel dispensers. Observations noted during test boring advancement are
summarized on Table 1. Permanent monitoring wells were installed within seven of the borings
(designated TEC-MW1 through TEC-MW?7). The boring and well locations are depicted on
Figure 4 and well construction information is provided on Table 2. During advancement of the
borings, TEC collected soil samples for field and laboratory analysis. The soil samples were
analyzed for TPH-GRO and TPH-DRO. TEC collected groundwater measurements from the
wells, checked the wells for the presence of free product on two occasions, and collected
groundwater samples for laboratory analysis from the wells on one occasion. Groundwater
measurement data is provided on Table 3. The groundwater samples were analyzed for TPH-
GRO, TPH-DRO, benzene, toluene, ethylbenzene, and total xylenes (BTEX), methyl tertbutyl
ether (MTBE), and naphthalene.

TEC noted evidence of minor impact to soil during advancement of test borings TEC-B6 and
TEC-B9 and the impacts appeared to be limited and localized. TPH-GRO and TPH-DRO were
detected in soil samples collected from these borings at relatively low concentrations. A
summary of the detections in soil are presented on Table 4A. Free product was not observed in
the monitoring wells. MTBE was the only constituent detected in the groundwater samples and
was detected at relatively low concentrations. A summary of the detections in groundwater are
presented on Table 4B. Groundwater was encountered at depths ranging from approximately 6
to 8 feet below grade and groundwater flow was inferred to the east (towards the Potomac River)
under both high and low tide conditions. TEC did not believe the limited and localized nature of
impacts and relatively low detections of petroleum constituents in soil and groundwater
warranted further assessment or cleanup and recommended “case closure” of PC# 2006-3131.
The VDEQ concurred with TEC’s recommendation and closed PC# 2006-3131.

The three 8,000-gallon USTs were taken out of service in 2015. In March 2016, the three USTs
were closed via excavation and removal. Minimal impacts were noted during removal of the
tanks. Soil samples were collected for laboratory analysis from the tank excavations and were
analyzed for TPH-DRO. TPH-DRO was detected in a few of the samples at relatively low
concentrations. In conjunction with the tank removal, all of the existing wells situated adjacent
to the tanks (wells TEC-MW1 through TEC-MW7) were inspected for the presence of free
product with none noted. Groundwater samples were also collected for laboratory analysis from
wells TEC-MW2, TEC-MW3, TEC-MW4, and TEC-MW5. The groundwater samples were
analyzed for TPH-DRO, BTEX, MTBE, and naphthalene. TPH-DRO and naphthalene were
detected in a few of the samples at relatively low concentrations. A summary of the detections in
groundwater are presented on Table 7B. Based on conditions noted during tank removal and
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relatively low concentrations of constituents detected in soil and groundwater samples collected
during tank closure, ICOR did not believe that further assessment and/or corrective actions were
warranted.

In 2016, the VDEQ issued PC# 2016-3090 in relation to the past bulk storage of oil at the 500
Parcel. The vast majority of the bulk storage facility appears to have been located on the
adjacent properties west of the 500 Parcel (see maps dated 1896-1921 in Attachment 1) with
most of the storage in large aboveground tanks. Past and recent assessments conducted at the
500 Parcel suggest the bulk of soil and groundwater underlying this parcel has been impacted by
petroleum. Further assessment of the impacts was performed as part of the SCS, as mandated by
the VDEQ.

Historical documents suggest USTs may be buried beneath the southeastern portion of the 500
Parcel; however, no evidence of USTs (e.g., fillports, manways, vent pipes, etc.) were observed
in the area. If USTs are unearthed during future development, they will be properly closed via
excavation and removal with notification and approval by the VDEQ.

4.4 Chemical Manufacturing and Storage

The R.H. Bogle (Bogle) chemical manufacturing facility occupied land immediately west of the
SITE, and potentially a portion of the 500 Parcel, between the 1940s and late 1950s (see maps
dated 1941 and 1959 in Attachment 1). Bogle reportedly mixed and stored sulfuric acids,
fertilizers, and herbicides as part of its operations. The herbicides were used to control brush
along railroad right of ways. Investigations ordered by the EPA and VDEQ in the 1970s
revealed elevated levels of arsenic in soil, groundwater, and sediment. Impacts to soil and
groundwater were interpreted to extend onto the western portion of the 500 Parcel. The last
reported use of herbicides on the Bogle property was in 1968. The property immediately west of
Parcel 500 is referred to as the Dalton Warf property. Studies of this property concluded the
following:

* The majority of arsenic impacts occur within 15 feet of the surface.

= Artesian pressure in a deeper aquifer precludes downward movement of contaminants.

* The only significant movement of arsenic is due to soil erosion and surface water runoff.

* Most arsenic remaining in soil has probably become insoluble due to chemical reactions
with soil constituents.

» The risks associated with impacts could be alleviated by developing the property using
strict guidelines for architectural design and disturbance of soil during construction.

In 1978 the Dalton Warf property was sold and subsequently developed into commercial office
townhouses. Prior to construction, the most heavily-impacted areas were “capped” with 18-
inches of iron-rich clay to prevent arsenic migration. Restrictions placed on future site
development and incorporated into property deeds excluded basements and swimming pools,
imposed strict dust control during construction, and required placement of polyethylene around
buried utility lines. According to the 2015 Cardno Report:
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The site is [sic] remains subject to a Consent Agreement with the U.S. EPA that states
“no construction or ground disturbance shall be undertaken on the property prior to
receipt by the Company (Development Resources, Inc.) or its successor interest of a
written authorization from the City Manager... and... shall be conducted in accordance
with any lawful procedures established by the City Manager...”. The Consent
Agreement also regulates the disposal of waste materials resulting from construction or
ground disturbance on the property.

The EPA investigated the former Bogle property in 1985 for the presence of 2,3,7,8-TCDD (a
dioxin). This type of dioxin was reportedly generated and used at the plant. None of the 38 soil
samples collected by EPA (including two soil samples on the 500 Parcel) contained 2,3,7,8-
TCDD above detectable levels. The EPA concluded that “There is no indication that there is a
threat of human exposure to dioxin at those locations at levels above the level of concern for
residential areas.” Another dioxin concern noted was a potential release of dioxin from a
railroad car containing dioxin-impacted water parked on the railroad spur of the SITE; however,
impacts associated with this incident appear to have been investigated by the EPA and addressed
with no further assessment or cleanup required. A 1985 newspaper report discussing sampling
for dioxins at Bogle, of which the 500 Parcel was a part of at the time, reported only two
detections which were in river sediments and were described as being “well below what the
agency regards as hazardous.”

Numerous assessment and cleanup activities have been conducted by the City and continue to be
conducted in relation to the former coal gasification facility (referred to as the Alexandria Town
Gas Site [ATGS] and manufactured gas plant [MFG]). The ATGS was located near the corner
of North Lee and Oronoco Streets (southwest of the SITE) and manufactured gas for heating,
cooking, and lighting from 1851 through 1946 (see maps dated 1885-1941 in Attachment 1).
Section 1.3 entitled “Site History and Background” in 2015 Cardno Report provides the
following history of the ATGS:

Soil and groundwater beneath the site was impacted by coal tar residues originating from
the former MGP which was owned and operated by the City from 1851 until 1930. The
plant was then sold to a private company that later merged with Washington Gas. The
plant continued to operate until it closed in 1947. Over the ensuing years, the site was
gradually redeveloped into commercial warehouses and eventually the Lee Street Square
office townhouses that remain today. The redevelopment of the surrounding area from its
former industrial base to the current mixed commercial and residential community also
occurred during the 1950s through the 1970s.

As a part of its redevelopment of the Old Town area, the City installed a storm sewer
pipeline beneath Oronoco Street in 1977. The 72-inch corrugated metal storm water pipe
runs beneath the street and past the former MGP site on its way to the Potomac River
where it discharges via the Oronoco outfall, located near the northeast corner of City-
owned Founders Park. However, not long after the pipe was installed, coal tar residues
were seen seeping from the river bottom off the outfall. The City’s investigations found
that the installation of the storm water pipeline had created a pathway linking the former
MGTP site with the river. In spite of the City’s numerous efforts to stem the flow, coal tar
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continued to migrate from the MGP site to the river via the pipeline under-bedding and
through holes and cracks in the pipe that carried coal tar-laden groundwater into the
storm sewer and on to the river. Dissolved phase and dense, non-aqueous phase liquids
(DNAPL) emerged from seeps on the river bottom off Oronoco outfall. Over the next 35
years, the ongoing discharges impacted sediment off Oronoco outfall.

In 2000 the City entered the site in the VRP and installed a floating oil containment boom
around the outfall to contain residues emerging from the seeps and to prevent their spread
to other portions of the river. The installation of a cure in place liner inside the Oronoco
pipeline between North Lee and North Union Streets in 2007 further slowed the
migration of residues from the MGP. In 2013, the City installed a groundwater treatment
system beneath Oronoco Street between North Union Street and the river to intercept and
treat impacted groundwater as it migrates from the MGP site to the outfall. The system,
which is comprised of a free product recovery vault, nine-point bio-sparge zone and a
permeable reactive barrier, eliminates the discharges. Although an area of impacted
sediments remains off the outfall, the upcoming sediment dredge and cap project will
eliminate exposure pathways for human and ecological receptor populations.

Since 2003, the City has also actively recovered free product (coal tar) from the source
area remaining beneath the northern edge of the former MGP site, adjacent to Oronoco
Street. Although the City’s subsurface investigation delineated an area of free product
beneath the curb and sidewalk along the south edge of the street, most recovery largely
comes from one of five purpose-designed wells installed in the City right of way.
Additional product has been recovered from two monitoring wells installed in the 2004
Site Characterization.

The 2015 Cardno Report also discussed potential remedial approaches available for addressing
the impacts associated with the former ATGS in Section 5.0 including:

Because of coal tar’s characteristics (non-volatile, viscous highly adsorptive, and
environmentally persistent), reducing concentrations in site media by meaningful levels
beneath the entire impacted area is not feasible over the short term. Although the
removal or even in-situ treatment of impacted materials is technically feasible, the
constraints of maintaining the economic viability of impacted properties and avoiding
community disruption would preclude undertaking this approach at a scale capable of
reducing risks to acceptable levels. Intrusive remedial actions such as excavation and
removal over a large enough area would require disrupting the current use of the
properties and supporting infrastructure and incur economic losses to landowners, tenants
and residents. Even many in-situ approaches to soil and groundwater treatment such as
chemical oxidation or thermal treatment would likely create conditions requiring the
temporary evacuation of overlying structures.

Instead, an acceptable level of risk reduction would be more effectively achieved by
deploying a combination of institutional and engineering controls designed to mitigate
risks without source removal. Because the City government has administrative authority
it is in a position to impose land use controls needed to achieve risk reduction. Potential

ICOR 8 August 2017



Site Characterization Report-Former Robinson Terminal North Property, 500 and 501 N. Union St., Alexandria, VA

controls include activity and use limitations (AULs) including deed restrictions, zoning,
and permitting, as well as engineering controls.

Additional details may be found in the Cardno Report.

ICOR understands that further assessment is planned by the City to delineate impacts in soil,
groundwater, and sediment and further cleanup and/or controls are planned to address these
affected media. In the short term, dredging and removal of impacted sediments near the
Oronoco Street outfall is planned.

Groundwater data collected during the assessment of the Bogle chemical manufacturing facility
and ATGS suggests groundwater flow was historically and continues to be to the east and
northeast, towards the Potomac River (and the SITE). According to the Cardno Report, the
ATGS treatment system installed in 2013 is believed to intercept most of the remnant free
product and impacted groundwater emanating from the ATGS. Prior to installation of the
treatment system, migration of free product and impacted groundwater was not limited or
controlled. Contaminants associated with the ATGS and identified in the 2015 Cardno Report
include VOCs, SVOCs and PAHs.

4.5 Constituents of Potential Concern

Based on the findings of past assessments and past SITE and surrounding area use, COPCs
include TPH-GRO, TPH-DRO, VOCs, SVOCs, pesticides, herbicides, polychlorinated biphenyls
(PCBs), and metals. Although not considered a concern based on the findings of past
environmental assessments (led by the EPA), further assessment of dioxin in soil was requested
by the City (a stakeholder on this project). The dioxin sampling was conducted as detailed in
ICOR’s City-approved Addendum to the SCS WP (WP Addendum).

4.6 Regulatory Status

To date, the VDEQ has assigned two PC#s to the SITE (PC#s 2006-3131 and 2016-3090). As
previously discussed, the PC#s are associated with suspect releases of petroleum from storage
tanks. PC# 2006-3131 has been closed by the VDEQ and PC# 2016-3090 remains open. The
VDEQ mandated that a SCS be conducted to address the open PC#. The SITE was also entered
into the VRP in 2016 and was assigned VRP number 00673. The SITE was entered into the
VRP to address non-petroleum impacts, not typically addressed through the PSTP. The SCS
required to address VRP and PSTP mandates and requirements and additional assessment
activities requested to address City concerns were conducted simultaneously, with the findings
presented in this SCR.

5.0 SOIL, GROUNDWATER, AND SOIL GAS ASSESSMENT
This section details the soil, groundwater, and soil gas assessment activities conducted to date at

the SITE by ICOR and others. The assessment activities conducted to date include advancement
of direct-sensing tooling to obtain real-time soil and groundwater data; advancement of test
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borings; installation of temporary and permanent groundwater monitoring wells; installation of
soil gas sampling points; and collection of soil, groundwater, and soil gas samples for field
screening and laboratory analysis. The most recent assessment activities were conducted as
proposed in the SCS WP and SCS WP Addendum and were conducted under the direct
supervision of a Commonwealth of Virginia Certified Professional Geologist.  Photo-
documentation of the recent assessment activities conducted by ICOR (between 2013 and 2016)
is included as Attachment 2.

5.1 Delineation Using Real-Time Tooling

Numerous test borings have been advanced at the SITE over the years to assess soil and
groundwater quality. To further delineate the horizontal and vertical extent of petroleum and
VOC impacts to soil and groundwater and to better “target” soil and groundwater zones for
collection of additional laboratory samples, direct-sensing tooling was advanced at 22 locations
at the SITE (designated MiHpt-1 through MiHpt-22). The direct-sensing testing locations are
depicted on Figure 4.

The tooling was advanced using a direct-push sampling rig and was used to collect soil and
groundwater data for analysis in real-time. The tooling was advanced through holes cored in the
concrete building slabs and parking lots. The tooling included a Membrane Interface Probe
(MIP) and Hydraulic Profiling Tool (Hpt) system (combined referred to as MiHpt). The MIP was
equipped with three different detectors. Soil and groundwater quality data collected with the
MIPs tooling and analyzed in real-time included photo-ionization detector (PID), flame-
ionization detector (FID), and electron captor detector (ECD) readings. The PID and FID are
used to detect petroleum and VOC constituents and the ECD is used to detect chlorinated
solvents. Higher PID, FID, and ECD readings generally correlate with more elevated constituent
concentrations.

Potential constituent migration pathways collected with the Hpt tooling and analyzed in real-time
included electrical conductivity (EC) and hydraulic conductivity (HC). EC data is used to
determine soil type, with lower EC values associated with larger grain soils (sands and gravels)
and higher EC values characteristic of finer grained soils (fine sand, silt, and clay). HC data is
used to determine flow rate through soil and permeability of soil. The Hpt was used to evaluate
potential constituent migration pathways by determining lithology and permeability.

The tooling and associated analytical software was provided by Columbia Technologies, Inc.
(CTI). The data was reviewed in the field by an experienced CTI geochemist and downloaded
as collected into a project database for review by the project team. Several of the borings were
advanced adjacent to previous boring locations (ICOR-SB7, ICOR-SB8, and ICOR-SB10) to
calibrate the equipment to available lithology and analytical data.

The tooling was advanced to refusal or minimum depth of 25 feet below grade. At locations
where impacts of note were observed, the tooling was advanced deeper to fully delineate the
vertical extent of impacts. As requested by the VDEQ, attempts were made to advance several
of the MiHpt borings to a depth corresponding to the top of the marine clay (present at a depth of
40 feet below grade or deeper); however, a depth deep enough to encounter the marine clay was
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only achieved at testing locations MiHpt-8, MiHpt-9, and MiHpt-11. Refusal of the tooling was
experienced at the remaining five locations where this was attempted (MiHpt-5, MiHpt-13,
MiHpt-15, MiHpt-16, and MiHpt-22). Test boring depths and observations noted during test
boring advancement are summarized on Table 1.

A Laser Induced Fluorescence tool was also readily available during the real-time investigation
to delineate petroleum free product if it was suspected during advancement of the MiHpt
borings; however, no indications of free product was noted.

All reusable direct-push and downhole equipment that came into direct-contact with soil was
constructed of steel and was properly decontaminated between boring locations. Wastes
generated during advancement and decontamination of the tooling was contained in 55-gallon
drums pending proper disposal.

At the conclusion of advancement, each borehole was properly abandoned by tremmie grouting
from the bottom of boring to surface. The vertical elevation and horizontal location of each
boring was surveyed by a Commonwealth of Virginia-licensed surveyor.

5.2 Soil Sampling

To date, more than 60 test borings have been advanced at the SITE for environmental assessment
and/or geotechnical purposes. The boring locations are depicted on Figure 4. Soil quality was
assessed through the collection of samples for visual inspection, field screening, and laboratory
analysis and targeted soil in areas where impacts would most-likely be expected based on past
and current SITE use and past adjacent and nearby property use. More than 100 soil samples
were collected for laboratory analysis during advancement of the borings. Some of the most-
recent samples collected for laboratory analysis targeted soil zones deemed impacted and worthy
of further assessment based on the findings of the real-time delineation. A comprehensive list of
the test borings, general test boring information, observations made during advancement, and
types of samples collected is provided on Table 1.

The vast majority of the test borings were advanced using a direct-push sampling rig. The
deeper borings advanced during the geotechnical investigations performed by ECS were
advanced using a mobile drill rig fitted with hollow stem augers (HSAs). Test borings advanced
by ICOR between 2013 and 2016 were advanced using a direct-push sampling rig and were
advanced until the soil/groundwater interface (groundwater table) was encountered or refusal of
the sampling equipment was experienced. The groundwater table was encountered at all test
boring locations at depths ranging from approximately 5 to 10 feet below grade.

Soil samples were collected continuously during advancement of the TEC and ICOR test borings
using acetate-lined barrel samplers. Soil samples were collected at 5 foot intervals during
advancement of the ECS test borings. The soil samples were collected for lithologic
characterization, visual inspection, field screening, and potential laboratory analysis. In general,
bag samples were collected at 2 foot intervals from the soil cores for screening in the field with a
PID. Field screening was performed to check for the presence of volatile organic vapors.
Observations and field screening readings were recorded on boring logs. Copies of the boring
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logs are included in Attachment 1. Observations of note such as odors and field screening
readings are also summarized on Table 1.

Soil samples were collected for laboratory analysis from the surface (upper 1.5 feet of soil
underlying bare site surface, concrete floor slabs, or pavement) and subsurface. The samples
were collected from soil intervals exhibiting the highest degree of impact and depths suspected
of being impacted based on the findings of the real-time assessment. The samples were also
collected to provide good spatial coverage of the SITE and to delineate the vertical extent of
impacts. All of ICOR’s samples were grab samples. Each sample represented an approximately
1 foot interval of soil. The TEC samples are also believed to have been grab samples. Some of
ECS’s samples and samples collected by ICOR during ECS’s most-recent geotechnical
investigation are considered composite samples based on the large sample interval.

The samples collected by TEC and ECS were analyzed for some or all of the following: TPH-
GRO, TPH-DRO, VOC:s, pesticides, herbicides, PCBs, and metals. Samples collected by ICOR
were analyzed for some or all of the following: TPH-GRO and TPH-DRO using EPA Method
8015C, Target Compound List (TCL) VOCs using EPA Method 8260B (with the most-recent
samples collected in 2016 using TerraCore® samplers), TCL SVOCs using EPA Method 8270C,
PCBs using EPA Method 8082, pesticides using EPA Method 8081B, herbicides using EPA
Method 8151A, 2,3,7,8-TCDD using EPA Method 8290A, and Resource Conservation and
Recovery Act (RCRA) or Priority Pollutant List (PPL) metals using EPA Method 6020A. Based
on the type and concentration of metals detected, some of the samples were additionally
analyzed for Toxic Characteristic Leaching Procedure (TCLP) RCRA metals using EPA Method
301A/6020A and chromium VI using EPA Method 7196A. A list of sampling depths and type
of analysis performed on each sample are summarized on Table 1.

All direct-push equipment that came into direct-contact with soil was constructed of steel and
was properly decontaminated between boring locations. Decontamination water generated
during decontamination of the tooling was contained in 55-gallon drums and will be properly
disposed.

Soil generated during advancement of the test borings prior to 2016 was used to backfill their
respective borings at the conclusion of sampling. Soil generated during advancement of the
2016 borings, was placed in 55-gallon drums pending proper disposal. The 2016 boreholes were
properly abandoned by tremmie grouting from the bottom of boring to surface. The vertical
elevation and horizontal location of each boring was surveyed by a Commonwealth of Virginia-
licensed surveyor.

5.3 Groundwater Sampling

Between April 2006 and September 2016, 8 temporary groundwater monitoring wells (installed
at test boring locations ICOR-SB1, ICOR-SBS5 through ICOR-SB9, and ICOR-SB12) and 17
permanent groundwater monitoring wells (designated TEC-MW1 through TEC-MW7, ECS-
MW2, ECS-MW4, MiHpt-5, MiHpt-7, MiHpt-8, MiHpt-14, MiHpt-15, MiHpt-20, MiHpt-21,
and MiHpt-22) were installed at the SITE. In addition, “deep” groundwater samples were
collected from five locations (MiHpt-8, MiHpt-10, MiHpt-14, MiHpt-21, and MiHpt-22) using a
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Screen Point sampler in 2016. The well locations were selected to assess areas where impacts
would most-likely be expected based on past and current SITE use and past adjacent and nearby
property use, provide good spatial coverage of the SITE, and target locations and zones deemed
impacted and worthy of further assessment based on the findings of the real-time delineation.
The well and deep groundwater sampling locations are depicted on Figure 4. Well construction
information for the wells and Screen Points is provided on Table 2. Boring logs for the wells
and Screen Points are included in Attachment 2.

Temporary Monitoring Well Construction and Sampling

The temporary wells installed in 2013 by ICOR were installed in boreholes advanced with a
direct-push sampling rig. The wells were constructed of new, dedicated, and disposable 1-inch
inner diameter (ID) polyvinyl chloride (PVC) well screens and casings. A 10-foot length of
screen was used during the construction of the temporary wells. The well screen was positioned
to straddle the soil/groundwater interface and was surrounded with sand filter pack.

Immediately after the wells were installed, they were developed and sampled. Prior to
development and sampling, the groundwater level in each temporary well was allowed to
stabilize and the depth to petroleum free product and groundwater was measured to the nearest
0.01 foot of the well’s top of casing (TOC) using an electronic oil/water interface probe. The
well measurements recorded are summarized on Table 3. Development and sampling was
performed using a peristaltic pump fitted with new, dedicated, and disposable high-density
polyethylene (HDPE) sample tubing. The sample tubing inlet was placed approximately 2 feet
from the base of each well screen. Development consisted of purging a well until the purge
water appeared relatively clear and free of suspended solids (based on a visual inspection).
When the purge water appeared clear, a groundwater sample was collected. The groundwater
samples were grab samples transferred directly from the discharge tubing to the sample
containers. The samples were collected at a low flow rate (less than 250 milliliters per minute)
to minimize agitation and aeration.

The groundwater samples were submitted to a qualified laboratory for analysis of some or all of
the following: TPH-DRO and TPH-GRO using EPA Method 8015, TCL VOCs using EPA
Method 8260B, TCL SVOCs using EPA Method 8270C, and total and dissolved PPL metals
using EPA Method 6020A. Samples collected for dissolved metals analysis were filtered in the
field. The type of analysis performed on each sample is summarized on Table 1.

All purge water generated during sampling was stored in a 55-gallon drum and was properly
disposed. The temporary wells were removed shortly after groundwater samples were collected
and the associated boreholes were backfilled to grade with their respective cuttings and
bentonite.

Permanent Monitoring Well Construction and Sampling

The permanent wells installed by TEC in 2006 and ICOR in 2016 were installed in boreholes
advanced with a direct-push sampling rig. The ECS wells were installed using a mobile drill rig
fitted with HSAs. The TEC and ICOR wells were constructed of new, 1-inch ID PVC well
screen and casing. A 10-foot length of well screen was used during the construction of the ICOR
wells. The well screen was positioned to straddle the soil/groundwater interface and was
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surrounded with sand filter pack. The filter pack was overlain with 2 feet of hydrated bentonite
chips and the remaining void was backfilled with grout. The length of screen used and well
construction details for the TEC and ECS wells is unknown. The TEC and ECS wells were
completed with well caps and flush-mount manhole covers anchored in concrete pads. The
ICOR wells were completed with well caps.

All wells installed by ICOR were properly developed before sampling. Development consisted
of purging a well until the purge water appeared relatively clear and free of suspended solids
(based on a visual inspection). Groundwater samples were collected for laboratory analysis from
each permanent well on at least two occasions with the exception of some of the TEC wells.
Two of the TEC wells, TEC-MW6 and TEC-MW-7, could not be located and may have been
destroyed or covered with gravel during parking lot improvements.

Sampling conducted by ICOR was performed using a peristaltic pump fitted with new,
dedicated, and disposable HDPE tubing. Before sampling each well, the depth to petroleum free
product and groundwater was measured to the nearest 0.01 foot from the well’s TOC using an
oil/water interface probe. The well measurements recorded before sampling the wells are
summarized on Table 2. The sample tubing inlet was placed at a depth corresponding to the
center of each monitoring well’s submerged screen interval. The samples were collected at a low
flow rate (less than 250 milliliters per minute) to minimize agitation and aeration. Sampling was
conducted in accordance with low-flow purging and sampling protocols recommended by the
EPA.

The groundwater samples were collected after field parameters stabilized during purging. The
following field parameters were monitored during purging: temperature, pH, specific
conductivity, dissolved oxygen (DO), oxygen reduction potential (ORP), and turbidity. All of
these parameters were measured using a multi-meter and low volume flow cell. Purging was
considered complete when temperature, pH, specific conductivity, DO, ORP, and turbidity
readings (an acceptable EPA, subset of parameters) stabilized for a minimum of three
consecutive readings. It should be noted that several of the wells went dry during sampling.
Samples were collected from wells that went dry after they were allowed to recharge.

The samples were transferred to appropriate sample containers directly from the discharge tubing
and were grab samples. The shallow groundwater samples collected by TEC and ECS were
analyzed for some or all of the following: TPH-GRO, TPH-DRO, BTEX, MTBE, naphthalene,
VOCs, SVOCs, and metals. The shallow groundwater samples collected by ICOR were
analyzed for some or all of the following: TPH-GRO and TPH-DRO using EPA Method 8015C,
TCL VOCs using EPA Method 8260B, TCL SVOCs using EPA Method 8270C, PCBs using
EPA Method 8082, pesticides using EPA Method 8081B, herbicides using EPA Method 8151A,
and PPL metals using EPA Method 6020A. A type of analysis performed on each sample is
provided on Table 1.

The water level meter and multi-meter were properly decontaminated between well locations.

All purge water generated during development and sampling was stored in 55-gallon drums
pending proper disposal.
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The relative elevations of the permanent wells TOCs were surveyed by a Commonwealth of
Virginia-licensed surveyor. The elevations are presented on Tables 1 and 2.

Deep Groundwater (Screen Point) Sampling

Deep groundwater samples were collected for laboratory analysis using a Screen Point sampler
advanced to the target depth using a direct-push sampling rig. The Screen Point sampler is an
approximately 3.5-foot stainless steel screen that is deployed (exposed) when the target depth is
achieved. The Screen Points are reusable and were properly decontaminated between sampling
locations.

Immediately after the Screen Points were installed, they were developed and sampled.
Development and sampling was performed using a peristaltic pump fitted with new, dedicated,
and disposable HDPE sample tubing. The sample tubing inlet was placed at the approximate
center of the Screen Point. Development consisted of purging a Screen Point until the purge
water appeared relatively clear and free of suspended solids (based on a visual inspection) or
Screen Point went dry. When the purge water appeared clear or Screen Point went dry, a
groundwater sample was collected. The groundwater samples were grab samples transferred
directly from the discharge tubing to the sample containers. The samples were collected at a low
flow rate (less than 100 milliliters per minute) to minimize agitation and aeration.

The deep groundwater samples were analyzed for analysis of some or all of the following: TPH-
DRO and TPH-GRO using EPA Method 8015, TCL VOCs using EPA Method 8260B, TCL
SVOCs using EPA Method 8270C, and TPH and oil and grease (O&G) using EPA Method
1664A. TPH and O&G analysis by EPA Method 1664A was performed to determine if the TPH
detected may be attributable to naturally occurring plant and animal fats in soil and groundwater.
A list of sampling depths and type of analysis for each deep sample are provided on Table 1.

All purge water generated during sampling was stored in a 55-gallon drum pending proper
disposal. The Screen Points were removed shortly after groundwater samples were collected and
the associated boreholes were properly abandoned by tremmie grouting from the bottom of
boring to surface.

54 Soil Gas Sampling

To assess soil gas quality, ICOR collected four sub-slab soil gas samples from the 500 Parcel
(designated SSG-1 through SSG-4) and four deep soil gas samples from the 501 Parcel
(designated DSG-1 through DSG-4). The soil gas sampling locations are depicted on Figure 4.
The samples were collected in December 2016. The soil gas samples were biased to locations
where the highest degree of VOC impact was noted during the real-time tooling assessment and
follow-up soil and groundwater sampling. Sub-slab sampling was selected for the 500 Parcel
because the development of this parcel at the time of sampling was anticipated to be slab-on-
grade construction. Current development plans for this parcel anticipate one level of subsurface
parking. The type of soil gas sampling performed is not expected to have much bearing on the
findings since the water table at this parcel and SITE in general is relatively shallow (ranges
from approximately 5 to 10 feet below grade). Sampling protocols were consistent with those
recommended in VRP guidance documents.
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Sub-Slab Soil Gas Sampling

The sub-slab soil gas samples were collected directly under the existing warehouse building
concrete floor slab. Each sample was collected from a Vapor Pin® installed within a 3/4-inch
diameter corehole drilled through the concrete floor slab. A Vapor Pin® is a reusable stainless
steel vapor point surrounded by new, dedicated, and disposable silicone tubing that is driven into
a corehole. The silicone tubing provides an air-tight seal with the concrete. Each point was
purged after installation and soil gas samples were collected from the points after an
equilibration period of more than 24 hours. The soil gas samples were collected in Summa
canisters over an 8-hour time period. The canisters were provided by a VDEQ-certified
laboratory. The canisters were connected to the sampling points by new, dedicated, and
disposable HDPE tubing. The sub-slab soil gas samples were analyzed for VOCs using EPA
Method TO-15.

At the conclusion of sampling, each Vapor Pin® was removed and the resulting coreholes were
restored with concrete sealer.

Deep Soil Gas Sampling

The deep soil gas samples were collected at depths ranging from 2 to 6.5 feet below grade (at
depths corresponding to approximately 1 foot above the soil/groundwater interface or “wet” soil
zones). The samples were collected from vapor points installed using a direct-push sampling rig.
The vapor points consisted of new 0.5-foot stainless steel GeoProbe® soil gas sampling probes
attached to new HDPE tubing lowered through borehole or rods to approximately 6-inches from
the bottom of the borehole. The probe was surrounded by approximately 1.5 feet of sand filter
pack (which included approximately 6-inches of filter pack above and below the probe). The
remaining open borehole was backfilled with hydrated granular bentonite (approximately 1 foot)
and bentonite grout to grade. The tubing inlet was fitted with a new cap.

Each point was purged after installation and soil gas samples were collected from the points after
an equilibration period of more than 24 hours. The soil gas samples were collected in Summa
canisters over an 8-hour time period. The canisters were provided by a VDEQ-certified
laboratory. The canisters were connected to directly to the sample point tubing. The deep soil
gas samples were analyzed for VOCs using EPA Method TO15.

At the conclusion of deep soil gas sampling, the tubing was fitted with a cap and left in place for
future sampling should it be required.

6.0 SITE GEOLOGY AND HYDROGEOLOGY

Topography at SITE is relatively flat and the elevation of the SITE is approximately 9 feet above
mean sea level. The closest surface water body to the SITE is the Potomac River which bounds
the SITE to the east and northeast. SITE and area topography and the location of the above-
referenced surface water body are depicted on Figure 1.

The SITE is located within the Atlantic Coastal Plain (ACP) physiographic province. The ACP
physiographic province is characterized by a series of south-easterly dipping layers of relatively
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consolidated sandy clay deposits, with lesser amounts of gravel. The ACP sediments are
estimated to be approximately 250 feet thick and are underlain by the eastward continuation of
crystalline bedrock of the Piedmont physiographic province. Portions of the SITE are underlain
by Quaternary Age river terrace deposits, Cretaceous Age deposits of the Potomac Group, and
fill. The Potomac Group deposits consist of interbedded layers of sand, silt, clay, and gravel.

Based on observations made during the historical and recent assessments, the upper 4 to 15 feet
of the SITE is underlain by fill. The fill varied in composition, with sand, silt, clay, brick,
asphalt, organics, wood, and gravel noted. Beneath the fill materials, alluvial soil characterized
by interbedded and alternating layers of sand, silty sand, and sandy gravel with varying amounts
of clay were encountered to a depth ranging from 45 to 55 feet below grade. Beneath the alluvial
soil, marine clay of the Potomac Group was encountered and extended to the maximum explored
depth of 80 feet below grade. The encountered soil was consistent with regional geology.
Geologic information is summarized on boring logs included as Attachment 3. Geologic cross-
sections generated from the boring logs are included as Figures 5-8.

Based on groundwater measurements obtained from monitoring wells and findings of historical
studies, the depth to groundwater at the SITE ranges from approximately 5 to 10.5 feet below
grade and groundwater flow is to the east-northeast towards the Potomac River. The Potomac
River is tidally influenced; however, data collected during a past study did not suggest that tidal
change has a significant effect of groundwater flow. Historical groundwater measurements
obtained from the site wells are summarized on Table 3. Groundwater contours generated from
the two most-recent groundwater sampling events (2016 and 2017) are depicted on Figure 14. It
should be noted that a semi-confined, lower water-bearing zone was encountered beneath the 500
Parcel.

Groundwater is not currently used and is not proposed for use in the future as a potable drinking
water or irrigation water supply at the SITE. Based on ICOR’s past experience, groundwater in
the City is not used or approved for use as a potable or irrigation water supply. Potable drinking
water is provided to the SITE and surrounding area by the City. The City’s potable water
sources are surface water reservoirs.

7.0  SOIL, GROUNDWATER, AND SOIL GAS QUALITY

Soil, groundwater, and soil gas quality were assessed at the SITE through the collection of
samples for visual inspection, field screening, and laboratory analysis and comparison of the
analytical results to applicable VDEQ screening levels. The assessment activities conducted to
date include advancement of direct-sensing tooling at 22 locations to obtain real-time soil and
groundwater data, advancement of more than 60 test borings, installation of 8 temporary and 17
permanent groundwater monitoring wells, and installation of 4 sub-slab and 4 deep soil gas
sampling points. The test boring, well, and soil gas sampling point locations are depicted on
Figure 4. More than 100 soil, 48 groundwater, and 8 soil gas samples have been collected for
laboratory analysis.
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7.1 Real-Time Delineation

Direct-sensing tooling was advanced at 22 locations at the SITE (designated MiHpt-1 through
MiHpt-22) to delineate the horizontal and vertical extent of petroleum and VOC impacts to soil
and groundwater and to better “target” soil and groundwater zones for collection of additional
laboratory samples. The tooling was advanced to depths ranging from 13 to 50 feet below grade,
with refusal experienced at most locations.

The MiHpt was successfully used to identify soil and groundwater zones of concern, horizontally
and vertically delineate soil and groundwater impacts, and identify lithology type and water-
bearing zones. The findings of the real-time assessment are summarized in a report prepared by
CTI included as Attachment 4. The MIPs data obtained during advancement of the tooling is
provided on Table 1.

Profiles generated from the collected data are presented in the CTI report included as Attachment
4. Notable findings of the real-time assessment are summarized below.

= A clay unit, believed to be the marine clay of the Potomac Group, was encountered at
depths ranging approximately 37 to 44 feet below grade.

* Good water-bearing zones were generally noted in the upper 25 feet of the site surface.

* Elevated PID readings were noted at testing locations MiHpt-7 (from 6.5-9 feet below
grade), MiHpt-21 (from 7-11 feet below grade), and MiHpt-22 (from 5-5.5 and 8-30 feet
below grade).

= Elevated FID readings suggesting the potential presence of petroleum-related VOCs
were noted at testing locations MiHpt-6 (from 14.5-14.8 feet below grade), MiHpt-7
(from 6.5-9 and 10-11 feet below grade), MiHpt-8 (from 4-5, 7-7.25, 14-17, and 22-42
feet below grade), MiHpt-9 (from 20.5-35 feet below grade), Elevated PID and FID
readings were noted at testing locations MiHpt-6 (from 14.5-14.8 feet below grade),
MiHpt-7 (from 6.5-11 feet below grade), MiHpt-8 (from 4-7.25, 14-17, and 22-42 feet
below grade), MiHpt-10 (from 10.5-11.5 and 23-26 feet below grade), MiHpt-13 (from
3-14 feet below grade), MiHpt-14 (from 10-16 feet below grade), MiHpt-18 (from 23-
23.5 feet below grade), MiHpt-21 (from 7-11 feet below grade), and MiHpt-22 (from 5-
5.5 and 8-30 feet below grade).

= Elevated ECD readings suggesting the potential presence of chlorinated solvent-type
VOCs were noted at testing locations MiHpt-13 (from 3-22 feet below grade), MiHpt-14
(from 4-9 feet below grade), MiHpt-15 (from 13-25 feet below grade), and MiHpt-21
(from 7-10 feet below grade).

The data collected during the real-time assessment was used to select test boring and well
locations, sample depths, and types of analysis.

7.2 Soil Qualit
Based on field observations, the upper 4 to 15 feet of the SITE is underlain by fill comprised of

some or all of the following: sand, silt, clay, brick, asphalt, organics, wood, and gravel. Beneath
the fill materials, alluvial soil characterized by interbedded and alternating layers of sand, silty
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sand, and sandy gravel with varying amounts of clay were encountered to a depth ranging from
45 to 55 feet below grade. Beneath the alluvial soil, marine clay of the Potomac Group was
encountered and extended to the maximum explored depth of 80 feet below grade. Geologic
information is summarized on boring logs included as Attachment 3. Geologic cross-sections
generated from the boring logs are included as Figures 5 through 8.

Strong to faint petroleum and chemical odors and/or elevated PID readings were noted during
advancement of test borings TEC-B6 (6.6-7.6 feet below grade), TEC-B9 (12-14 feet below
grade), ICOR-SB2 (3-10 feet below grade), ICOR-SB3 (10-12 feet below grade), ICOR-SB6
(12-15 feet below grade), ICOR-SB7 (5-15 feet below grade), ICOR-SB8 (1-15 feet below
grade), ICOR-SB9 (2-6 feet below grade), ICOR-SB7 (2.5-7 feet below grade), MiHpt-7 (5-8
feet below grade), MiHpt-8 (11.5-12 feet below grade), MiHpt-13 (4-5 feet below grade),
MiHpt-19 (1-5 feet below grade), MiHpt-20 (13.5-15 feet below grade), MiHpt-21 (5-10 feet
below grade), and MiHpt-22 (7-28.5 feet below grade). Observations made during advancement
of the test borings is summarized on Table 1. Soil samples collected from the SITE were
analyzed for some or all of the following analysis: TPH-GRO, TPH-DRO, TPH, O&G, TCL
VOCs, TCL SVOCs, PCBs, pesticides, herbicides, the dioxin 2,3,7,8-TCDD, and RCRA and
PPL metals. Based on the type and concentration of metals detected, some of the samples were
additionally analyzed for TCLP RCRA metals and chromium VI. A list of sampling depths and
type of analysis performed on each sample are provided on Table 1.

The soil analytical results are summarized on Tables 4A, 5A, 6A, 6B, and 6C. Copies of the
laboratory reports of analysis for the ICOR samples collected in 2016 are included in Attachment
5. The soil analytical results were compared to the most-current VDEQ Tier II screening
concentrations for unrestricted (residential) land use (VDEQ-T2SCRs) and VDEQ Tier III
screening concentrations for restricted (commercial/industrial) land use (VDEQ-T3SCCs). TPH
concentrations were compared to VDEQ petroleum saturated soil standards (VDEQ-PSSSs). 1t
should be noted that VDEQ screening levels have not been developed for many of the target
constituents detected.

TPH-GRO, TPH-DRO, 10 VOCs, 17 SVOCs, 1 PCB, 3 pesticides, 1 herbicides, 2,3,7,8-TCDD,
and 12 metals were detected in the soil samples at concentrations above the analytical method
reporting limit (RL). Four VOCs, 8 SVOCs, 2,3,7,8-TCDD, and 11 metals were detected at
concentrations above VDEQ screening levels. Detections above VDEQ screening levels were
noted in both surface and subsurface soil. No detections of TPH-GRO and TPH-DRO above
VDEQ-PSSSs were noted. A list of the constituents detected above screening levels is detailed
below.

Constituents Detected Above VDEQ-T2SCRs

* Benzene detected above VDEQ-T2SCRs in soil samples collected from test boring ECS-
B3 (from 8.5-10 feet below grade), ECS-B6 (from 5-6.5 feet below grade), ECS-B7
(from 5-6 feet below grade), MiHpt-10 (from 24.5-25.5 feet below grade), and MiHpt-22
(from 19-20 feet below grade).

* Cyclohexane detected above VDEQ-T2SCRs in the soil sample collected from test
boring MiHpt-21 (from 9-10 feet below grade).
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Naphthalene (as a VOC and/or SVOC) detected above VDEQ-T2SCRs in soil samples
collected from test boring ECS-B1 (from 2.5-4 and 8.5-10 feet below grade), ECS-B2
(from 13.5-15 feet below grade), ECS-B3 (from 13.5-15 feet below grade), ECS-B4
(from 13.5-15 and 23.5-25 feet below grade), ECS-B5 (from 33.5-35 feet below grade),
ECS-B6 (from 18.5-20 feet below grade), ECS-B7 (from 5-6 feet below grade), MiHpt-
10 (from 24.5-25.5 feet below grade), and MiHpt-22 (from 19-20 feet below grade).
Tetracholoroethene (PCE) detected above VDEQ-T2SCRs in the soil samples collected
from test boring MiHpt-21 (from 9-10 feet below grade).

Xylenes detected above VDEQ-T2SCRs in soil samples collected from test boring
MiHpt-21 (from 9-10 feet below grade) and MiHpt-22 (from 19-20 feet below grade).
Benzo(a)anthracene detected above VDEQ-T2SCRs in the soil sample collected from
test boring MiHpt-10 (from 24.5-25.5 feet below grade).

Benzo(a)pyrene detected above VDEQ-T2SCRs in the soil sample collected from test
boring MiHpt-10 (from 24.5-25.5 feet below grade).

Benzo(b)fluoranthene detected above VDEQ-T2SCRs in the soil sample collected from
test boring MiHpt-10 (from 24.5-25.5 feet below grade).

Dibenz(a,h)anthracene detected above VDEQ-T2SCRs in the soil sample collected
from test boring MiHpt-10 (from 24.5-25.5 feet below grade).

Dibenzofuran detected above VDEQ-T2SCRs in the soil sample collected from test
boring MiHpt-10 (from 24.5-25.5 feet below grade).

Indeno(1,2,3-c,d)pyrene detected above VDEQ-T2SCRs in the soil sample collected
from test boring MiHpt-10 (from 24.5-25.5 feet below grade).

Antimony detected above VDEQ-T2SCRs in soil samples collected from test boring
ICOR-SB10 (from 2-3 feet below grade), MiHpt-6 (from 4-5 feet below grade), MiHpt-
13 (from 1-2 feet below grade), MiHpt-14 (from 1-2 feet below grade), MiHpt-17 (from
1-2 feet below grade), and MiHpt-20 (from 1.5-2.5 feet below grade).

Arsenic detected above VDEQ-T2SCRs in soil samples collected from test boring ECS-
B1 (from 1-2.5 feet below grade), ECS-B2 (from 5-6.5 feet below grade), ECS-BS5 (from
5-6.5 feet below grade), ECS-B6 (from 23.5-25 feet below grade), ECS-B7 (from 1-2 and
2.5-10 feet below grade), ECS-B8 (from 2.5-4 feet below grade), ECS-B9 (from 2.5-10
feet below grade), ECS-B10 (from 4-10 feet below grade), ECS-B11 (from 5-10 feet
below grade), ECS-B12 (from 5-10 feet below grade), ICOR-SB1 (from 1-2 and 4-6 feet
below grade), ICOR-SB2 (from 3-4 feet below grade), ICOR-SBS5 (from 6-7 feet below
grade), ICOR-SB7 (from 7.5-8.5 feet below grade), ICOR-SBS8 (from 2-3 and 7.5-8.5 feet
below grade), ICOR-SB9 (from 4.5-5.5 feet below grade), ICOR-SB10 (from 2-3 and
5.5-6.5 feet below grade), ICOR-SBI11 (from 5.5-6.5 feet below grade), ICOR-SB12
(from 6-7 feet below grade), ICOR-SB13 (from 5.5-6.5 feet below grade), MiHpt-3 (from
4-5 feet below grade), MiHpt-4 (from 1-2 and 4-5 feet below grade), MiHpt-6 (from 4-5
feet below grade), MiHpt-12 (from 1-2 feet below grade), MiHpt-13 (from 1-2 and 4-5
feet below grade), MiHpt-14 (from 1-2 and 4-5 feet below grade), MiHpt-15 (from 1-2
and 4-5 feet below grade), MiHpt-16 (from 8-9 feet below grade), MiHpt-17 (from 1-2
and 4-5 feet below grade), MiHpt-18 (from 1-2 feet below grade), MiHpt-19 (from 1-2
and 4-5 feet below grade), MiHpt-20 (from 1.5-2.5 and 4-5 feet below grade), MiHpt-21
(from 4.5-5.5 feet below grade), and MiHpt-22 (from 1-2 and 4.5-5.5 feet below grade).
Cadmium detected above VDEQ-T2SCRs in soil samples collected from test boring
ECS-B2 (from 5-6.5 feet below grade), ECS-B7 (from 1-2 and 2.5-10 feet below grade),
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ECS-BS8 (from 2.5-4 feet below grade), MiHpt-13 (from 1-2 feet below grade), MiHpt-14
(from 1-2 feet below grade), and MiHpt-17 (from 1-2 feet below grade).

Chromium detected above VDEQ-T2SCRs in soil samples collected from test boring
ECS-BI1 (from 1-2.5 feet below grade), ECS-B2 (from 5-6.5 feet below grade), ECS-B5
(from 5-6.5 feet below grade), ECS-B6 (from 23.5-25 feet below grade), ECS-B7 (from
1-2 and 2.5-10 feet below grade), ECS-BS8 (from 2.5-4 feet below grade), ECS-B9 (from
2.5-10 feet below grade), ECS-B10 (from 4-10 feet below grade), ECS-B11 (from 5-10
feet below grade), ECS-B12 (from 5-10 feet below grade), ICOR-SB2 (from 3-4 feet
below grade), ICOR-SB6 (from 2-2 feet below grade), ICOR-SB7 (from 7.5-8.5 feet
below grade), ICOR-SBS (from 2-3 and 7.5-8.5 feet below grade), ICOR-SB9 (from 4.5-
5.5 feet below grade), ICOR-SB10 (from 2-3 and 5.5-6.5 feet below grade), ICOR-SB11
(from 5.5-6.5 feet below grade), ICOR-SB12 (from 6-7 feet below grade), ICOR-SB13
(from 5.5-6.5 feet below grade), MiHpt-3 (from 1-2 feet below grade), MiHpt-4 (from 1-
2 feet below grade), MiHpt-6 (from 1-2 and 4-5 feet below grade), MiHpt-13 (from 1-2
feet below grade), MiHpt-14 (from 1-2 feet below grade), MiHpt-15 (from 1-2 feet below
grade), MiHpt-17 (from 1-2 feet below grade), MiHpt-20 (from 1.5-2.5 feet below
grade), and MiHpt-22 (from 1-2 feet below grade).

Copper detected above VDEQ-T2SCRs in soil samples collected from test boring ICOR-
SB10 (from 2-3 feet below grade), MiHpt-6 (from 4-5 feet below grade), MiHpt-13 (from
1-2 feet below grade), MiHpt-14 (from 1-2 and 4-5 feet below grade), MiHpt-17 (from 1-
2 feet below grade), and MiHpt-20 (from 1.5-2.5 feet below grade).

Lead detected above VDEQ-T2SCRs in soil samples collected from test boring ECS-B2
(from 5-6.5 feet below grade), ECS-B7 (from 1-2 and 2.5-10 feet below grade), ECS-BS8
(from 2.5-4 feet below grade), ECS-B11 (from 5-10 feet below grade), ICOR-SBI10
(from 2-3 feet below grade), MiHpt-6 (from 4-5 feet below grade), MiHpt-13 (from 1-2
feet below grade), MiHpt-14 (from 1-2 and 4-5 feet below grade), MiHpt-17 (from 1-2
feet below grade), and MiHpt-20 (from 1.5-2.5 feet below grade).

Mercury detected above VDEQ-T2SCRs in soil samples collected from test boring ECS-
B2 (from 5-6.5 feet below grade), ECS-B7 (from 1-2 and 2.5-10 feet below grade), ECS-
B8 (from 2.5-4 feet below grade), ICOR-SB10 (from 2-3 feet below grade), MiHpt-13
(from 1-2 feet below grade), MiHpt-14 (from 1-2 and 4-5 feet below grade), MiHpt-17
(from 1-2 feet below grade), and MiHpt-20 (from 1.5-2.5 feet below grade).

Selenium detected above VDEQ-T2SCRs in soil samples collected from test boring
ECS-B2 (from 5-6.5 feet below grade), ECS-B7 (from 1-2 and 2.5-10 feet below grade),
ECS-B8 (from 2.5-4 feet below grade), ICOR-SB10 (from 2-3 feet below grade), MiHpt-
6 (from 4-5 feet below grade), MiHpt-13 (from 1-2 feet below grade), and MiHpt-17
(from 1-2 feet below grade).

Silver detected above VDEQ-T2SCRs in soil samples collected from test boring ECS-B2
(from 5-6.5 feet below grade), ECS-B7 (from 1-2 and 2.5-10 feet below grade), ECS-BS8
(from 2.5-4 feet below grade), ECS-B11 (from 5-10 feet below grade), ICOR-SBI10
(from 2-3 feet below grade), MiHpt-6 (from 4-5 feet below grade), MiHpt-13 (from 1-2
feet below grade), MiHpt-14 (from 1-2 feet below grade), MiHpt-17 (from 1-2 feet below
grade), and MiHpt-20 (from 1.5-2.5 feet below grade).

Thallium detected above VDEQ-T2SCRs in soil samples collected from test boring
ICOR-SB10 (from 2-3 feet below grade), MiHpt-6 (from 4-5 feet below grade), MiHpt-
13 (from 1-2 feet below grade), and MiHpt-14 (from 1-2 feet below grade).
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» Zinc detected above VDEQ-T2SCRs in soil samples collected from test boring ICOR-
SB6 (from 2-2 feet below grade), ICOR-SB10 (from 2-3 and 5.5-6.5 feet below grade),
ICOR-SBI12 (from 6-7 feet below grade), ICOR-SB13 (from 5.5-6.5 feet below grade),
MiHpt-13 (from 1-2 feet below grade), MiHpt-14 (from 1-2 feet below grade), MiHpt-17
(from 1-2 feet below grade), and MiHpt-20 (from 1.5-2.5 feet below grade).

Constituents Detected Above VDEQ-T3SCCs

* Benzo(a)pyrene detected above VDEQ-T3SCCs in the soil sample collected from test
boring MiHpt-10 (from 24.5-25.5 feet below grade).

= 2,3,7,8-TCDD detected above VDEQ-T3SCCs in the soil sample collected from test
boring MiHpt-19 (from 24.5-25.5 feet below grade).

* Arsenic detected above VDEQ-T3SCCs in soil samples collected from test boring ECS-
B1 (from 1-2.5 feet below grade), ECS-B7 (from 1-2 and 2.5-10 feet below grade), ECS-
B8 (from 2.5-4 feet below grade), ECS-B11 (from 5-10 feet below grade), ICOR-SB7
(from 7.5-8.5 feet below grade), ICOR-SBS8 (from 2-3 feet below grade), ICOR-SB10
(from 2-3 and 5.5-6.5 feet below grade), MiHpt-3 (from 4-5 feet below grade), MiHpt-4
(from 4-5 feet below grade), MiHpt-6 (from 4-5 feet below grade), MiHpt-12 (from 1-2
feet below grade), MiHpt-13 (from 1-2 and 4-5 feet below grade), MiHpt-14 (from 1-2
and 4-5 feet below grade), MiHpt-15 (from 4-5 feet below grade), MiHpt-17 (from 1-2
feet below grade), MiHpt-19 (from 1-2 and 4-5 feet below grade), and MiHpt-22 (from 1-
2 and 4.5-5.5 feet below grade).

* Chromium detected above VDEQ-T3SCCs in soil samples collected from test boring
ECS-BI1 (from 1-2.5 feet below grade), ECS-B2 (from 5-6.5 feet below grade), ECS-B5
(from 5-6.5 feet below grade), and ECS-B6 (from 23.5-25 feet below grade).

= Copper detected above VDEQ-T3SCCs in soil samples collected from test boring
MiHpt-13 (from 1-2 feet below grade) and MiHpt-17 (from 1-2 feet below grade).

* Lead detected above VDEQ-T3SCCs in soil samples collected from test boring ECS-B7
(from 2.5-10 feet below grade), ICOR-SB10 (from 2-3 feet below grade), MiHpt-6 (from
4-5 feet below grade), MiHpt-13 (from 1-2 feet below grade), and MiHpt-17 (from 1-2
feet below grade).

* Mercury detected above VDEQ-T3SCCs in soil samples collected from test boring ECS-
B7 (from 2.5-10 feet below grade), ECS-B8 (from 2.5-4 feet below grade), ICOR-SB10
(from 2-3 feet below grade), MiHpt-13 (from 1-2 feet below grade), MiHpt-14 (from 1-2
and 4-5 feet below grade), and MiHpt-17 (from 1-2 feet below grade).

* Thallium detected above VDEQ-T3SCCs in soil samples collected from test boring
ICOR-SB10 (from 2-3 feet below grade), MiHpt-6 (from 4-5 feet below grade), MiHpt-
13 (from 1-2 feet below grade), and MiHpt-14 (from 1-2 feet below grade).

Two samples with elevated concentrations of RCRA metals were also analyzed for TCLP RCRA
metals to evaluate the leachability of the metals and disposal characteristics. One of the samples
that contained elevated concentrations of chromium was also analyzed for chromium VI.
Chromium VI was not detected in the sample; thus, the type of chromium present at the SITE is
likely chromium III (the least hazardous type).
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Isoconcentration maps prepared from historical soil analytical data for TPH-GRO, TPH-DRO,
benzene, naphthalene, and arsenic are included as Figures 9 through 13. With the exception of
arsenic, the maps provide maximum concentrations of constituents for three soil intervals, 0-5, 5-
10, and 10-15 feet below grade. Since most of the arsenic samples were collected within the
upper 5 feet of soil underlying the SITE, the arsenic isoconcentration map only shows the
maximum concentration detected within this interval.

The most significant impacts appear to be associated with VOCs, SVOCs, and metals and extend
from the surface into the shallow subsurface (upper 10-20 feet). The more elevated levels were
observed on the western and southern portions of the SITE. The impacts may be associated with
the past use of the SITE for bulk oil storage, fertilizer storage, coal storage, chemical mixing and
manufacturing, and/or warehouse operations. These areas also correspond to the SITE property
boundaries with the majority of the former bulk storage and Bogle chemical manufacturing
facility (western property boundary) and ATGS’s Oronoco Street outfall treatment system
(southern property boundary). The aforementioned off-site properties of concern are
hydraulically upgradient of the SITE and have documented soil and groundwater impacts, some
of which are at a higher degree and extent then noted at the SITE (e.g., arsenic impacts along the
western property boundary); thus, the off-site properties may be a source and/or contributor to
impacts noted at the SITE.

7.3 Groundwater Quality

Groundwater is present beneath the SITE at depths ranging from approximately 5 to 10.5 feet
below grade. Groundwater measurement data collected from the SITE is provided on Table 3.
Groundwater contours prepared from groundwater measurements collected during the September
2016 and February 2017 groundwater sampling events indicate groundwater flow is to the east-
northeast (towards the Potomac River). A groundwater contour map is included as Figure 14.
Groundwater is not believed to be tidally influenced.

Petroleum odors were noted during collection of groundwater samples from wells MiHpt-5,
MiHpt-7, MiHpt-14, MiHpt-15, MiHpt-20, MiHpt-21, and MiHpt-22. Odors were not observed
in the deep groundwater samples. Shallow and deep groundwater samples collected from the
SITE were analyzed for some or all of the following analysis: TPH-GRO, TPH-DRO, TPH,
0&G, TCL VOCs, TCL SVOCs, PCBs, pesticides, herbicides, and total and dissolved PPL
metals. The historical groundwater analytical results are summarized on Tables 4B, 5B, and 7A-
7D. Copies of the laboratory reports of analysis for the 2016 and 2017 sampling events are
included in Attachment 5. The type of analysis performed on each sample is summarized on
Table 1.

The groundwater analytical results were compared to the most-current VDEQ Tier III screening
levels for unrestricted (residential) land use inhalation of indoor air (VDEQ-T3RSLs), restricted
(commercial/industrial) land use inhalation of indoor air (VDEQ-T3CSLs), and Tier III
construction worker in a trench, groundwater contacted and not contacted (VDEQ-T3CWTs).
The most-recent analytical results were also compared to VDEQ Water Quality Standards for
fresh chronic and other surface waters (VDEQ-WQSFCs and VDEQ-WQSOSWs, respectively)
and VDEQ general permit discharge standards for petroleum contaminated water (VDEQ-PDSs).
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It should be noted that VDEQ groundwater and surface water screening levels have not been
developed for many of the target constituents detected.

Shallow Groundwater

PCBs and pesticides were not detected above RLs in the shallow groundwater samples. TPH-
GRO, TPH-DRO, 12 VOCs, 16 SVOCs, 3 herbicides, and 11 metals were detected in the
shallow groundwater samples at concentrations above the RL. TPH-GRO, 11 VOCs, 4 SVOCs,
and 9 metals were detected at concentrations above VDEQ groundwater and/or surface water
screening levels. A list of the constituents detected above screening levels is detailed below.

Constituents Detected Above VDEQ-T3RSLs

Chloroform detected above VDEQ-T3RSLs in a groundwater sample collected from
permanent well MiHpt-15.

Cyclohexane detected above VDEQ-T3RSLs in groundwater samples collected from the
temporary well installed at boring ICOR-SB8 and permanent wells ECS-MW2 and
MiHpt-21.

Ethylbenzene detected above VDEQ-T3RSLs in groundwater samples collected from
the temporary well installed at boring ICOR-SB8 and permanent wells ECS-MW2,
MiHpt-7, and MiHpt-21.

Methylcyclohexane detected above VDEQ-T3RSLs in groundwater samples collected
from the temporary well installed at boring ICOR-SBS8 and permanent wells ECS-MW2
and MiHpt-21.

Naphthalene (as a VOC and SVOC) detected above VDEQ-T3RSLs in groundwater
samples collected from the temporary wells installed at borings ICOR-SB5, ICOR-SB6,
and ICOR-SBS8 and permanent wells ECS-MW2, MiHpt-5, MiHpt-7, MiHpt-8, MiHpt-
14, MiHpt-15, MiHpt-21, and MiHpt-22.

PCE detected above VDEQ-T3RSLs in groundwater samples collected from permanent
well MiHpt-21.

Tricholoroethene (TCE) detected above VDEQ-T3RSLs in groundwater samples
collected from permanent well MiHpt-21.

Xylenes detected above VDEQ-T3RSLs in groundwater samples collected from
permanent wells MiHpt-5, MiHpt-7, and MiHpt-21.

Biphenyl (Diphenyl) detected above VDEQ-T3RSLs in groundwater samples collected
from the temporary well installed at boring ICOR-SB9 and permanent well MiHpt-7.
Mercury detected above VDEQ-T3RSLs in groundwater samples collected from the
temporary wells installed at borings ICOR-SB1, ICOR-SB5, and ICOR-SBY9 and
permanent well ECS-MW?2.

Constituents Detected Above VDEQ-T3CSLs

ICOR

Chloroform detected above VDEQ-T3CSLs in a groundwater sample collected from
permanent well MiHpt-15.

Cyclohexane detected above VDEQ-T3CSLs in groundwater samples collected from the
temporary well installed at boring ICOR-SB8 and permanent wells ECS-MW2 and
MiHpt-21.
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Ethylbenzene detected above VDEQ-T3CSLs in groundwater samples collected from
the temporary well installed at boring ICOR-SB8 and permanent wells ECS-MW2,
MiHpt-7, and MiHpt-21.

Methylcyclohexane detected above VDEQ-T3CSLs in groundwater samples collected
from the temporary well installed at boring ICOR-SBS8 and permanent wells ECS-MW?2
and MiHpt-21.

Naphthalene (as a VOC and SVOC) detected above VDEQ-T3CSLs in groundwater
samples collected from the temporary wells installed at borings ICOR-SBS5, ICOR-SB6,
and ICOR-SB8 and permanent wells ECS-MW2, MiHpt-5, MiHpt-7, MiHpt-8, MiHpt-
14, MiHpt-15, MiHpt-21, and MiHpt-22.

PCE detected above VDEQ-T3CSLs in groundwater samples collected from permanent
well MiHpt-21.

TCE detected above VDEQ-T3CSLs in groundwater samples collected from permanent
well MiHpt-21.

Xylenes detected above VDEQ-T3CSLs in groundwater samples collected from
permanent well MiHpt-21.

Mercury detected above VDEQ-T3CSLs in groundwater samples collected from the
temporary wells installed at borings ICOR-SB1 and ICOR-SB9 and permanent well ECS-
MW2.

Constituents Detected Above VDEQ-CWTs

ICOR

Benzene detected above VDEQ-CWTs in groundwater samples collected from the
temporary wells installed at borings ICOR-SB5, ICOR-SB6, and ICOR-SB8 and
permanent wells ECS-MW2, MiHpt-5, MiHpt-7, MiHpt-14, MiHpt-21, and MiHpt-22.
Chloroform detected above VDEQ-CWTs in a groundwater sample collected from
permanent well MiHpt-15.

Ethylbenzene detected above VDEQ-CWTs in groundwater samples collected from the
temporary well installed at borings ICOR-SB8 and permanent wells MiHpt-7 and MiHpt-
21.

Methylcyclohexane detected above VDEQ-CWTs in groundwater samples collected
from permanent well MiHpt-21.

Naphthalene (as a VOC and SVOC) detected above VDEQ-CWTs in groundwater
samples collected from the temporary wells installed at borings ICOR-SBS5, ICOR-SB6,
ICOR-SBS, and ICOR-SB9 and permanent wells ECS-MW2, MiHpt-5, MiHpt-7, MiHpt-
8, MiHpt-14, MiHpt-15, MiHpt-21, and MiHpt-22.

PCE detected above VDEQ-CWTs in groundwater samples collected from permanent
well MiHpt-21.

TCE detected above VDEQ-CWTs in groundwater samples collected from permanent
well MiHpt-21.

Xylenes detected above VDEQ-CWTs in groundwater samples collected from permanent
wells ECS-MW?2 and MiHpt-21.

Biphenyl (Diphenyl) detected above VDEQ-CWTs in groundwater samples collected
from the temporary well installed at boring ICOR-SB9.

Cadmium detected above VDEQ-CWTs in a groundwater sample collected from
permanent well MiHpt-5.
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Chromium detected above VDEQ-CWTs in groundwater samples collected from the
temporary wells installed at borings ICOR-SB5 and ICOR-SB6 and permanent wells
ECS-MW?2 and MiHpt-5.

Copper detected above VDEQ-CWTs in groundwater samples collected from permanent
well MiHpt-5.

Constituents Detected Above VDEQ-PDSs

TPH-GRO detected above VDEQ-PDSs in a groundwater sample collected from
permanent well MiHpt-21.

Benzene detected above VDEQ-PDSs in groundwater samples collected from permanent
wells MiHpt-5, MiHpt-7, MiHpt-14, MiHpt-20, MiHpt-21, and MiHpt-22.

Ethylbenzene detected above VDEQ-PDSs in groundwater samples collected from
permanent wells MiHpt-5, MiHpt-7, MiHpt-14, MiHpt-21, and MiHpt-22.

Naphthalene (as a VOC and SVOC) detected above VDEQ-PDSs in groundwater
samples collected permanent wells MiHpt-5, MiHpt-7, MiHpt-8, MiHpt-14, and MiHpt-
20.

PCE detected above VDEQ-PDSs in groundwater samples collected from permanent
well MiHpt-21.

Toluene detected above VDEQ-PDSs in groundwater samples collected from permanent
well MiHpt-21.

Tricholoroethene (TCE) detected above VDEQ-PDSs in groundwater samples collected
from permanent well MiHpt-21.

Xylenes detected above VDEQ-PDSs in groundwater samples collected from permanent
wells MiHpt-5 and MiHpt-7.

Lead detected above VDEQ-PDSs in groundwater samples collected from permanent
wells TEC-MW4, MiHpt-5, and MiHpt-8.

Constituents Detected Above VDEQ-WQSFCs

ICOR

Pentachlorophenol detected above VDEQ-WQSFCs in groundwater samples collected
from permanent well MiHpt-21.

Arsenic detected above VDEQ-WQSFCs in groundwater samples collected from
permanent wells MiHpt-5, MiHpt-15, MiHpt-21, and MiHpt-22.

Cadmium detected above VDEQ-WQSFCs in groundwater samples collected from
permanent wells MiHpt-5, MiHpt-14, MiHpt-15, and MiHpt-20.

Chromium detected above VDEQ-WQSFCs in groundwater samples collected from
permanent well MiHpt-5.

Copper detected above VDEQ-WQSFCs in groundwater samples collected from
permanent wells TEC-MW4, MiHpt-5, MiHpt-8, MiHpt-14, MiHpt-15, and MiHpt-20.
Lead detected above VDEQ-WQSFCs in groundwater samples collected from permanent
wells TEC-MW4, MiHpt-5, and MiHpt-8.

Nickel detected above VDEQ-WQSFCs in groundwater samples collected from
permanent well MiHpt-5.

Selenium detected above VDEQ-WQSFCs in groundwater samples collected from
permanent wells MiHpt-5, MiHpt-15, and MiHpt-20.
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»  Zinc detected above VDEQ-WQSFCs in groundwater samples collected from permanent
wells TEC-MW2, MiHpt-5, MiHpt-14, MiHpt-15, and MiHpt-20.

Constituents Detected Above VDEQ-WQOSOSWs

* Benzene detected above VDEQ-WQSOSWs in groundwater samples collected from
permanent well MiHpt-22.

* PCE detected above VDEQ-WQSOSWs in groundwater samples collected from
permanent well MiHpt-21.

* 2.4-Dichlorophenol detected above VDEQ-WQSOSWs in groundwater samples
collected from permanent well MiHpt-21.

* Thallium detected above VDEQ-WQSOSWs in groundwater samples collected from
permanent wells MiHpt-5, MiHpt-15, and MiHpt-20.

= Zinc detected above VDEQ-WQSOSWs in groundwater samples collected from
permanent well MiHpt-5.

Deep Groundwater

TPH-GRO, TPH, and O&G were not detected above RLs in the deep groundwater samples.
TPH-DRO, five VOCs, and two SVOCs were detected in the deep groundwater samples at
concentrations above the RL. One VOC was detected at concentrations above VDEQ-T3RSLs.
No detections above VDEQ-T3CSLs, VDEQ-CWLs, VDEQ-PDSs, VDEQ-WQSFCs, and
VDEQ-WQSOSWs were noted. A list of the constituents detected above screening levels is
detailed below.

Constituents Detected Above VDEQ-T3RSLs

* Naphthalene (as a VOC) detected above VDEQ-T3RSLs in a groundwater sample
collected from Screen Point advanced at location MiHpt-10.

In general, the concentration of constituents detected in groundwater appears to be relatively
stable and is concentrated in the shallow subsurface. Isoconcentration maps prepared from
groundwater analytical data collected during the two most-recent permanent well sampling
events for TPH-GRO, TPH-DRO, benzene, naphthalene, and arsenic (for shallow and deep
groundwater if collected) are included as Figures 15 through 19.

The most significant impacts appear to be associated with VOCs, SVOCs, and metals. The more
elevated levels were observed on the western and southern portions of the SITE. The impacts
may be associated with the past use of the SITE for bulk oil storage, fertilizer storage, coal
storage, chemical mixing and manufacturing, and/or warehouse operations. These areas also
correspond to the SITE property boundaries with the majority of the former bulk storage and
Bogle chemical manufacturing facility (western property boundary) and ATGS’s Oronoco Street
outfall treatment system (southern property boundary). The aforementioned oft-site properties of
concern are hydraulically upgradient of the SITE and have documented soil and groundwater
impacts, some of which are at a higher degree and extent then noted at the SITE (e.g., arsenic
impacts along the western property boundary); thus, the off-site properties may be a source
and/or contributor to impacts noted at the SITE.
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7.4 Soil Gas Quality

The sub-slab and deep soil gas analytical results are summarized on Tables 8 and 9, respectively.
Copies of the laboratory reports of analysis are included in Attachment 5.

The sub-slab soil gas analytical results were compared to the most-current VDEQ Tier III
residential and commercial sub-slab soil gas screening levels for inhalation of indoor air (VDEQ-
T3RSSGs and VDEQ-T3CSSGs, respectively) and the deep soil gas samples were compared to
the most-current VDEQ Tier III residential and commercial deep soil gas screening levels for
inhalation of indoor air (VDEQ-T3RDSGs and VDEQ-T3CDSGs, respectively) and VDEQ Tier
III construction worker soil gas screening levels for inhalation of air in a trench (VDEQ-
T3CWs).

Sub-Slab Soil Gas
A total of 15 VOCs were detected above RLs in the sub-slab soil gas samples. None of the
VOCs were detected at concentrations exceeding VDEQ-T3RSSGs and VDEQ-T3CSSGs.

Deep Soil Gas

A total of 20 VOCs were detected above RLs in the sub-slab soil gas samples. None of the
VOCs were detected at concentrations exceeding VDEQ-T3RDSGs, VDEQ-T3CDSGs, and
VDEQ-T3CWs.

The presence of VOCs in soil gas is likely associated with the volatilization of VOCs from soil
and groundwater. The VOCs may be associated with the past use of the SITE for bulk oil
storage, fertilizer storage, coal storage, chemical mixing and manufacturing, and/or warehouse
operations. The highest concentrations of VOCs in soil gas were detected near the SITE’s
property boundary with the ATGS’s Oronoco Street outfall treatment system (southern property
boundary) The ATGS is located hydraulically upgradient of the SITE and has documented soil
and groundwater impacts; thus, the ATGS may be a source and/or contributor to impacts noted at
the SITE.

8.0 SENSITIVE RECEPTOR SURVEY

ICOR developed a Conceptual Site Model (CSM) that identifies potential receptors and potential
pathways of exposure to these receptors under current land use (vacant property with limited
access) and future land use (commercial, retail, residential, or mixed use) scenarios and during
construction in order to complete the risk (exposure) assessment for purposes of 9 VAC 25-580-
260. The CSM is included as Figure 20. The CSM details the following:

* Primary Release Mechanism. Identification of the primary mechanisms by which the
SITE became or continues to be impacted. The impacts appear to be the result of past
site operations, with significant contribution from past operations at adjacent and nearby
properties. No release mechanisms currently exist.
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* Source Media. Identification of the affected media that continues to be a source of
impacts. Source media at the SITE appears to be limited to impacted surface and
subsurface soil.

* Migration Pathway. Identification of potential pathways by which impacted media can
lead to potential exposure. Potential pathways identified included surface water runoff,
biological uptake, leaching, and volatilization and diffusion.

* Exposure Media. Identification of media that provides a potential pathway of exposure.
Potential exposure media identified include surface water and sediment, plants and
animals, groundwater, and vapor.

= Exposure Routes. Identification of the routes by which exposure to impacted media
may occur. Exposure routes identified include ingestion, dermal contact, and inhalation.

= Potential Receptors. Identification of potential receptors that could be exposed under
current land use, future land use, and during construction.

Current Site Use Scenario

ICOR believes that in the SITE’s current use scenario, no potential pathways of exposure are
complete. Potential receptors considered under this scenario include authorized site visitors and
occasional workers and trespassers. ICOR’s opinion is based on the following:

= All structures are currently vacant and access to the SITE is limited to authorized visitors
and unauthorized access is restricted by fencing and locked building doors.

* Soil and groundwater impacts are limited and localized in extent and the vast majority of
the SITE surface, including the areas where the highest degree of soil and groundwater
impacts was identified, is covered by buildings (constructed on thick concrete slabs) or
pavement limiting the potential for contact with impacted media. The surfaced areas also
limit the potential for erosion, surface water runoff, formation of dusts, and VI.

* The potential for impacted groundwater to discharge into the nearby Potomac River
exists; however, the concentrations of constituents detected in the wells located nearest to
the shoreline contained COPCs at relatively low concentrations with the exception of the
metals lead and zinc. Lead and zinc have relatively low mobility and are not expected to
migrate readily or extensively. The potential risks to surface water will be further
assessed through proposed follow-up groundwater sampling and modelling.

* The SITE is not used for agricultural purposes and ICOR is not aware of any sensitive
animal species living on or using the SITE for any purpose.

* Groundwater is not used at the SITE or in the City as a potable or irrigation water source.

* The buildings are currently vacant and not used for any purpose limiting the potential for
inhalation of vapors should VI occur. All utilities supplying the SITE have been
disconnected. In addition, the soil gas analytical data does not suggest VOCs are present
at concentrations presenting a VI risk.

ICOR also believes that the aforementioned conditions limit the risk to users of surrounding
properties.
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Future Site Use Scenario

ICOR believes that in the SITE’s future use scenario, several potential pathways of exposure
exist; however, the potential for exposure can be minimized through remediation, incorporation
of engineering controls, and implementation of institutional controls. Potential receptors
considered under this scenario include residents, site workers, and site visitors. Pathways of
exposure that could potentially become complete include ingestion of and dermal contact with
surface soil, surface water runoff, and sediment generated during erosion and inhalation of
vapors via VI into newly constructed buildings and subsurface utility lines. Remediation,
engineering controls, and institutional controls that may be applicable and that are expected to
greatly minimize exposure risks are discussed in detail in Section 11.

ICOR believes that the proposed remediation, engineering controls, and institutional controls
will also limit the risk to users of surrounding properties.

Construction Worker

If construction work involving excavation and/or disturbance or removal of existing site
surfacing occurs, ICOR believes that several potential pathways of exposure exist or may
become complete; however, the potential for exposure can be minimized through remediation,
implementation of engineering controls, and development of safety and health procedures for
workers working in and around impacted areas. The only potential receptor considered under
this scenario is a construction worker. Pathways of exposure that could potentially become
complete include ingestion of surface and subsurface soil, surface water runoff, sediment
generated during erosion, and groundwater and inhalation of vapors via VI into open excavations
and buildings under construction. Pathways of exposure likely to be considered complete
include dermal contact with surface and subsurface soil, surface water runoff, sediment
generated during erosion, and groundwater. Remediation, engineering controls, and institutional
controls that may be applicable and that are expected to greatly minimize exposure risks are
discussed in detail in Section 11.

Surrounding and Nearby Properties

Potential receptors at surrounding properties include residents at residential use properties,
workers and visitors at surrounding commercial use properties, and visitors of Founders and
Oronoco Bay Parks. It should be noted that the 501 Parcel is surrounded on all sides by roads or
Potomac River. The 500 Parcel is surrounded by roads on its northern, eastern, and southern
sides and commercial use property on its western side. The closest residential properties are
located across the roads and commercial property to the northwest, west, and southwest.
Adjacent property use is depicted on Figure 2.

The exposure risk to surrounding and nearby properties from SITE releases is anticipated to be
minimal based on the following:

* Soil and groundwater impacts appear to be limited and localized in extent and the vast
majority of the impacted media is covered by buildings (constructed on thick concrete
slabs) or pavement limiting the potential for disturbance of and contact with the impacted
media and potential for erosion, surface water runoff, and formation of dusts.
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* The potential for impacted groundwater to discharge into the nearby Potomac River
exists; however, the concentrations of constituents detected in the wells located nearest to
the shoreline contained COPCs at relatively low concentrations with the exception of the
metals lead and zinc. Lead and zinc have relatively low mobility and are not expected to
migrate readily or extensively. The potential risks to surface water will be further
assessed through proposed follow-up groundwater sampling and modelling.

* Based on groundwater measurement data obtained from SITE, groundwater flow is
towards the east-northeast, away from surrounding properties of concern.

* Historical and recently collected data suggest that the properties bounding the SITE to the
west and south are hydraulically upgradient of the SITE and the data does not indicate
that they have been impacted by the SITE.

* Groundwater is not used in the City as a potable or irrigation water source.

ICOR believes that the proposed remediation, engineering controls, and institutional controls
proposed under the future SITE land use scenario and that will be implemented should
construction work occur at the SITE will limit the risk to users of surrounding properties.

9.0 HUMAN HEALTH RISK ASSESSMENT

The qualitative risk to human health in the SITE’s current and proposed use scenario was
evaluated by comparing the concentrations of detected constituents in the sampled media to
applicable VDEQ screening levels and evaluating the likelihood that current land users (vacant
property with limited access scenario) and future land users (under commercial, retail,
residential, or mixed use scenario) would come into contact with impacted media. Target
constituents were detected above screening levels; thus, a site-specific quantitative Risk
Assessment (RA) should be prepared to confirm the below opinions and satisfy VRP guidance.

Soil

The soil analytical results were compared to the most-current VDEQ-T2SCRs and VDEQ-
T3SCCs. It should be noted that VDEQ screening levels have not been developed for many of
the target constituents detected. Four VOCs, 8 SVOCs, 2,3,7,8-TCDD, and 11 metals were
detected in soil at concentrations above VDEQ screening levels. Detections above VDEQ
screening levels were noted in both surface and subsurface soil.

In the SITE’s current use scenario, no potential pathways of exposure by site users (visitors,
occasional workers, and trespassers) to impacted soil exist. Soil impacts are limited and
localized in extent and the vast majority of the SITE surface, including the areas where the
highest degree of soil impacts was identified, is covered by buildings (constructed on thick
concrete slabs) or pavement limiting the potential for contact with impacted soil. The surfaced
areas also limit the potential for erosion, surface water runoff, and formation of dusts. Access to
the SITE is also limited to authorized visitors and unauthorized access is restricted by fencing
and locked building doors.

ICOR 31 August 2017



Site Characterization Report-Former Robinson Terminal North Property, 500 and 501 N. Union St., Alexandria, VA

Under the SITE’s future use scenario, several potential pathways of exposure to impacted soil by
site users (residents, workers, and visitors) exist; however, the potential for exposure can be
minimized through remediation, incorporation of engineering controls, and implementation of
institutional controls. Exposure risks to construction workers can be minimized through
development and implementation of health and safety procedures to address health and safety
risks posed by the presence of impacted soil. Remediation, engineering controls, and
institutional controls that may be applicable and that are expected to greatly minimize exposure
risks are discussed in detail in Section 11.

The vast majority of impacted soil underlying the SITE, specifically the shallow soil that would
pose a threat to future residents and site workers, is expected to be excavated, removed, and
transported off site for disposal or treatment during development. The removal of the bulk of
impacted soil is expected to greatly reduce human health risks for future use.

Groundwater

The groundwater analytical results were compared to the most-current VDEQ-T3RSLs, VDEQ-
T3CSLs, and VDEQ-T3CWTs. The most-recent analytical results were also compared to
VDEQ-PDSs, VDEQ-WQSFCs, and VDEQ-WQSOSWs. It should be noted that VDEQ
screening levels have not been developed for many of the target constituents detected. Ten
VOCs, 2 SVOCs, and 3 metals were detected at concentrations above VDEQ-T3RSLs, VDEQ-
T3CSLs, and/or VDEQ-T3CWTs in shallow groundwater. One VOC was detected at
concentrations above VDEQ-T3RSLs in deep groundwater. No detections above VDEQ-
T3CSLs and VDEQ-CWLs in deep groundwater were noted. TPH-GRO, 8 VOCs, 3 SVOCs,
and 9 metals were detected at concentrations above VDEQ-PDSs, VDEQ-WQSFCs, and/or
VDEQ-WQSOSWs.

ICOR believes that in the SITE’s current use and future use scenarios, no potential pathways of
exposure by site users (Vvisitors, occasional workers, and trespassers) to impacted groundwater
exist. Groundwater is not currently used and will not be used in the future at the SITE or
surrounding area for any purpose and the City restricts the use of groundwater for any purpose.
Groundwater impacts are limited and localized in extent and the vast majority of the SITE
surface, including the areas where the highest degree of groundwater impacts was identified, is
currently covered by buildings (constructed on thick concrete slabs) or pavement limiting the
potential for contact with impacted groundwater. Access to the SITE is also currently limited to
authorized visitors and unauthorized access is restricted by fencing and locked building doors.

In the SITE’s future use scenario, the potential for exposure can be minimized through
remediation, incorporation of engineering controls, and implementation of institutional controls.
Exposure risks to construction workers can be minimized through development and
implementation of health and safety procedures to address health and safety risks posed by the
presence of impacted groundwater. Remediation, engineering controls, and institutional controls
that may be applicable and that are expected to greatly minimize exposure risks are discussed in
detail in Section 11. Following development, the vast majority of the SITE surface will be
covered by new structures, pavement, and hardscape limiting the potential to come into contact
with impacted groundwater.
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The removal of the bulk of impacted soil during development is expected to reduce the
concentration of constituents in groundwater and greatly reduce human health risks for future
use. In addition, excavation below the water table is anticipated during development, which will
require dewatering. Dewatering efforts are expected to reduce constituent concentrations in
groundwater and improve groundwater quality, resulting in a reduction of human health risks for
future use.

Soil Gas (Vapor Intrusion)

The sub-slab soil gas analytical results were compared to the most-current VDEQ-T3RSSGs and
VDEQ-T3CSSGs and the deep soil gas samples were compared to the most-current VDEQ-
T3RDSGs, VDEQ-T3CDSGs, and VDEQ-T3CWs. VOCs were not detected in sub-slab and
deep soil gas samples at concentrations exceeding VDEQ screening levels; thus, the risk posed to
site current site users (visitors, occasional workers, and trespassers) appears to be minimal. Soil
and groundwater impacts which are the source of potential vapors are limited and localized in
extent and the vast majority of the SITE surface, including the areas where the highest degree of
soil and groundwater impacts was identified, is currently covered by buildings (constructed on
thick concrete slabs) or pavement limiting the potential for VI. All structures are currently
vacant and ccess to the SITE is also currently limited to authorized visitors and unauthorized
access is restricted by fencing and locked building doors.

In the SITE’s future use scenario, the potential for exposure can be minimized through
remediation, incorporation of engineering controls, and implementation of institutional controls.
Exposure risks to construction workers can be minimized through development and
implementation of health and safety procedures to address health and safety risks posed by the
presence of impacted groundwater. Remediation, engineering controls, and institutional controls
that may be applicable and that are expected to greatly minimize exposure risks are discussed in
detail in Section 11. Following development, the vast majority of the SITE surface will be
covered by new structures, pavement, and hardscape limiting the potential for VI. Newly
constructed buildings will also include adequate vapor barriers and sub-slab depressurization
systems, if warranted. The need for a sub-slab depressurization system will also be considered if
the existing buildings will be re-occupied.

The removal of the bulk of impacted soil during development is expected to reduce the
concentration of constituents in soil gas and greatly reduce human health risks for future use. In
addition, excavation below the water table is anticipated during development resulting in
implementation of dewatering.  Dewatering efforts are expected to reduce constituent
concentrations in groundwater and improve groundwater quality, resulting in a reduction of
human health risks via associated VI for future use.

10.0 CONCLUSIONS
Based on the findings of the SCS, soil and groundwater beneath the SITE have been impacted by

the past use of the SITE for bulk oil storage, fertilizer storage, coal storage, chemical mixing and
manufacturing, and warehouse operations; however, contribution from adjacent and nearby
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properties that were used in the past for fertilizer storage, city gas works, chemical
manufacturing and mixing, and bulk oil storage is also suspected. Of most off-site concern, is
the majority of the former bulk storage of fuel and Bogle chemical manufacturing facility which
operated on adjacent property to the west and former ATGS and associated Oronoco Street
outfall treatment system located nearby and adjacent to the SITE’s southern property boundary.
The aforementioned off-site properties are situated hydraulically upgradient of the SITE and
have documented soil and groundwater impacts, some of which are at a higher degree and extent
then noted at the SITE (e.g., arsenic impacts along the western property boundary).

Target constituents were detected in soil and groundwater above VDEQ screening levels for
residential and commercial land use, construction workers, and surface water. The presence of
impacted soil, groundwater, and soil gas warrants remediation, engineering controls, and
institutional controls under proposed (future) land use scenario. Remediation and engineering
controls do not appear necessary under the current land use scenario; however, further study is
required and institutional controls may be warranted.

11.0 PROPOSED ENGINEERING AND INSTITUTIONAL CONTROLS AND
REMEDIAL ACTIONS

ICOR believes the remedial actions and institutional and engineering controls listed below are
warranted to address the impacted media and protect human health and the environment in the
SITE’s future land use scenario (commercial, retail, residential, or mixed use). Remediation and
engineering controls do not appear necessary under the current land use scenario (vacant
property with limited access); however, further study is required and institutional controls may
be warranted. The type of study warranted and institutional controls that may be warranted are
also discussed below.

11.1 Current Land Use

ICOR believes that in the SITE’s current use scenario (vacant property with limited access), no
remedial actions or engineering controls are warranted to protect human health and the
environment. This should be confirmed through the preparation of a site-specific quantitative
RA, which is required to satistfy VRP guidance.

It should be noted that institutional controls were not considered under the current use scenario
because no change in land use or improvements to the SITE were considered; however,
institutional controls in the form of restrictive covenants (also considered AULs) may be
warranted. Applicable restrictive covenants include restricting the use of groundwater for any
purpose, maintaining site surfacing, use of sub-slab depressurization or vapor mitigation systems
as necessary to prevent VI, and implementation of health and safety procedures during future
maintenance or construction work at the SITE (work that involves excavation and potential
contact with impacted soil and/or groundwater). Regulatory notifications should also performed
as required. The restrictive covenants should also provide guidance for handling and disposing
of impacted soil and groundwater removed during maintenance or construction work. It should
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be noted that the City already restricts the use of groundwater for any purpose. The institutional
controls should be developed by a qualified environmental professional and counsel.

Regulatory notifications, soil and groundwater management, and/or engineering controls similar
to those described in Section 11.2 may be warranted in the current use scenario if disturbance of
the land surface becomes warranted.

Based upon the findings of the SCS and the results of the risk (exposure) assessment, active
remediation of the historic release of petroleum on the SITE does not appear warranted based
upon the current use of the SITE and surrounding area; thus, ICOR believes that current
conditions at the SITE meet PSTP criteria for “Case Closure” of PC# 2016-3090. Further work
is required to meet VRP criteria for issuance of a “Certification of Satisfactory Completion of
Remediation” under the current use scenario.

11.2 Future Land Use

To address the impacted media, remnant site features, and exposure risks in the SITE’s future
land use scenario (commercial, retail, residential, or mixed use), ICOR recommends that the
remedial activities listed below be conducted during construction, engineering controls be
incorporated into building designs, and institutional controls be placed on the SITE. The
remedial activities and engineering and institutional controls needed should be based on the
findings of a site-specific quantitative RA prepared prior to the start of construction. The
proposed remedial activities and engineering controls should be detailed in a Remedial Action
Work Plan (RAWP). Additional soil and groundwater assessment should be conducted as
warranted to further assess potential risks to construction workers, allow for proper management
of soil and groundwater, and verify successful implementation of the remedial actions.

Assessment, remediation, and institutional and engineering controls should be developed and
implemented in accordance with VRP guidelines and with VRP oversight, review, and approval.
Further work and/or notifications may be required to also satisfy PSTP requirements and
guidelines. In particular, a change in conditions and associated risks resulting from disturbance
during development should be thoroughly evaluated (e.g., a change results in the potential for
further migration of constituents or potential to impact other media). Any change in conditions
or risk warranting further assessment and/or modification to proposed remedies should be
identified and addressed.

Remedial Activities

* [f remnant USTs are unearthed during future development, they should be properly
closed via excavation and removal with notification and approval by the VDEQ.

* Impacted soil excavated and removed during construction and deemed not suitable for
beneficial reuse on or off site should be properly manifested and disposed or treated at a
facility permitted to accept the soil. The removal and transport of impacted soil should
be conducted by qualified contractors. Confirmation soil samples should be collected
before the start of construction and following excavation activities to confirm all
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unacceptably impacted soil has been removed and to provide information on any residual
impacts remaining in soil for development of engineering and institutional controls.

If development plans include excavation and construction below the water table and
groundwater dewatering is warranted, all water generated during dewatering should be
characterized prior to discharge and treated if required to meet applicable federal, state,
and local discharge requirements. All required federal, state, and local permits should
also be obtained before discharge. Sampling and monitoring of the treatment and
discharge and associated reporting should be conducted as required by overseeing
regulatory agencies. System design and installation and system sampling, monitoring,
and reporting should be conducted by qualified environmental professionals and
contractors.

Engineering Controls

To prevent vapors from migrating into newly constructed buildings, an adequate vapor
barrier should be incorporated into the building designs. A sub-slab depressurization
system may also be warranted and should be incorporated into the building designs if
deemed necessary. The need for a sub-slab depressurization system should also be
considered if the existing buildings will be re-occupied. The vapor barrier and sub-slab
depressurization system should be designed by a qualified environmental professional.

To limit the potential for exposure to impacted soil containing target constituents at
elevated concentrations, over-excavation of areas not surfaced by impervious surfacing
(e.g., buildings, pavement, hardscape, etc.) should be considered. ICOR suggests a
minimum of 2 feet of impacted soil be over-excavated and replaced with fill originating
from the SITE or imported. If on-site fill is used, the fill should meet VDEQ standards
for beneficial reuse.

Institutional Controls

ICOR

To satisfy VRP requirements, two institutional controls, in the form of restrictive
covenants, should be placed on the SITE. The first restrictive covenant should restrict the
use of groundwater for any purpose. It should be noted that the City already restricts the
use of groundwater for any purpose. The second restrictive covenant should detail health
and safety procedures to be implemented during future maintenance or construction work
at the SITE that involves excavation and potential contact with impacted soil and/or
groundwater. The restriction should also provide guidance for handling and disposing of
impacted soil and groundwater removed during maintenance or construction work. The
third restriction would require impervious surfacing (e.g. buildings, pavement, hardscape,
etc.) or minimum of 2 feet of soil meeting land use requirements in non-impervious
surfaced areas post development to limit the potential for exposure to impacted soil.
Finally, a restrictive covenant requiring maintenance of vapor barriers and operation and
maintenance of sub-slab depressurization or vapor mitigation systems as necessary to
prevent VI. The institutional controls should be developed by a qualified environmental
professional and counsel.

36 August 2017



Site Characterization Report-Former Robinson Terminal North Property, 500 and 501 N. Union St., Alexandria, VA

Follow-up Assessment Activities

Groundwater samples should be collected for laboratory analysis from select permanent
wells on at least two additional occasions (separated by a minimum of 3 months) to
obtain additional data for use in developing a RA and further assessing groundwater flow.
Laboratory analysis should be limited to analytes detected at elevated concentrations
during the previous sampling events (TPH-GRO, TPH-DRO, VOCs, SVOCs, and
metals).

Upon approval of the final building design, additional soil and groundwater samples
should be collected as warranted to allow for better management of excavated soil and
groundwater and construction worker health and safety. The follow-up assessment
activities should be conducted by a qualified environmental contractor.

Construction Worker Health and Safety

A construction worker Health and Safety Plan (H&SP) should be developed prior tothe
start of construction to address health and safety risks posed by the presence of impacted
soil and groundwater. The plan should be required reading for all site workers. The
H&SP should be prepared by a qualified environmental professional.

Planning and Reporting

Analytical data collected during the SCS and proposed two additional well sampling
events should be used to prepare a quantitative RA, further assess groundwater flow, and
model the potential for migration of constituents in groundwater and potential for
discharge to surface water. The RA should be prepared using applicable PSTP and VRP
guidance and should be the basis for evaluating and selecting applicable engineering and
institutional controls. The RA should be prepared by a qualified environmental
professional.

Prior to the start of development, a RAWP should be prepared. The RAWP provides a
detailed description of the remedial actions, engineering controls, and institutional
controls that will be implemented to address identified impacts and minimize risks to
human health and the environment. The RAWP should be prepared by a qualified
environmental contractor.

Upon completion of the RA, successful implementation of the recommended construction-
related remedial actions, and completion of development incorporating the necessary engineering
controls, ICOR believes that conditions at the SITE will meet VRP criteria for issuance of a
“Certification of Satisfactory Completion of Remediation” which will be recorded along with the
required Declaration of Restrictive Covenants. ICOR also believes that conditions will also meet
PSTP criteria for “Case Closure” of PC# 2016-3090.

ICOR
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